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METHOD AND APPARATUS FOR RADIAL EXPANSION AND/OR COUPLING 

Background of the Invention 

This invention relates generally to tubular members. For convenience, the 
invention will be described with reference to wellbore casings that are formed using 
expandable tubing. Hov^-ever, it will be appreciated that the invention may be applied to 
other tubular members, such as pipelines and structural supports. 

Conventionally, when a wellbore is created, a number of casings arc installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fhnd into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval* Thus, the casings are in a nested 
arrangement with casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer sui&ces of the casings and the borehole wall to seal the casings 
fium the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 
and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling lig 
time is involved due to required cement pumping, cement hardeaing» required equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present Invention is directed to alleviating one or more of the limitations of the 
existing procedures for formuig wellbores and other tubular members. 
Summary of the Invention 

According to one aspect of the invention, an apparatus for plastically deforming 
and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion of 
tiie tubular member to a second outside diameter. The means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter may 



be frangible, elastic or inflatable, or it may include rolling means for applying radial 
pressure to the fiist portion of the tubular member. 
O According to another aspect of the present invention, an apparatus for plastically 

^ deforming and radially expanding a tubular member is provided that includes a tubular 

5 support member including a first fluid passage, an expansion cone coupled to the tubular 
g support member having a second fluid passage fluidicly coupled to the first fluid passage 

^ and an outer conical surface, a removable annular conical sleeve coupled to the outer 

^ conical surface of the expansion cone, an annular expansion cone launcher coupled to the 

Q conical sleeve and a lower portion of the tubular member, and a shoe having a valvcable 

^ 10 passage coupled to an end of the expansion cone launcher. The conical sleeve may be, for 
example, frangible, elastic or comprised of a plurality of arcuate elements. 

Accoiding to another aspect of (he present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
defonning and radially expanding a portion of the tubular member to a first outside 
1 5 diameter, and plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. In one embodiment, plastically defomiing and 
radially expanding the first portion of the first tubular member comprises applying a radial 
force to the portion of the tubular member using a conical sleeve. The conical sleeve may 
be, for example, frangible, elastic or comprised of a plurality of arcuate elements. In 
20 another embodiment, plastically defonning and radially expanding the first portion of the 
first tubular member comprises applying a radial force to the first portion of the first 
tubular member using an inflatable bladder or using a roller expansion device. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically deforming 
25 and radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside the 
first tubular member in overlapping relation to the first portion of the ftfst tubular member, 
plastically deforming and radially expanding the second tubular member to a thhd ouUide 
30 diameter, and plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diametera of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. The first 
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outside diameter may be greater than the second outside diameter. In one embodiment, 
plastically deforoiins and radially expanding the first portion of the first tubular member 
O comprises applying a racfial force to the pordon of the tubular member using a conical 

^ sleeve. The conical sleeve may bc» for example, frangible, elastic or comprised of a 

5 plurality of arcuate elements. In another cmbodimwit, plastically dEforming and radially 
expanding tte first portion of the first tubular member comprises applying a radial force to 
the first portion of the first tubular member using an inflatable bladder or using a roller 
^ expansion devi ce. 



According to another aspect of the present invention, an apparatus for coupling a 



^ 1 0 fu-sl tubular member to a second tubular member is provided that includes means for 

plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first Uibular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 

IS portion of the first nibular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions arc substantially equal. The first outside diameter may be greater than the 

20 second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, clastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plaistically deforming and radially 

25 expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
using a roller expansion device. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wcllbore is provided that includes means for supporting a tubular 

30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
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outside diameter. The means for plastically dcfoming and ledially expanding the fiist 
portion of the tubular member to the first outside diameter may be frangible, clastic or 
infiaUblc, or it may include rolling means for applying radial pressure to the first portion 

of the tubular member. 

According to another aspect of the present invention, an apparatus for forming a 
weUbcre casing within a wcllborc is provided that inchides a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support member 
having a second fluid passage fluidity coupled to the first fluid passage and an outer 
conical surface, a removable annular conical sleeve coupled to the outer conical surface of 
the expansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower portion of the mbular member, and a shoe having a valvcable passage coupled to 
an end of the expansion cone launcher. The conical sleeve may be, for example, frangible, 
elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present Invention, a method of forming a 
wellbore casing within a wellborc is provided that includes supporting a tubular member 
vfithin a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of the mbular member to a second outside diameter. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
comprises applying a radial force to the portion of the tubular member using a conical 
sleeve. The conical sleeve may be, for example, frangible, clastic or comprised of a 
plurality of arcuate elements. In another embodiment, plastically deforaiing and radially 
expanding the first portion of the first tubular member comprises applying a radial force to 
the first portion of the first tubular member using an inflatable bladder or using a roller 
expansion device. 

According to another aspect of the present invention, a method of forming a mono- 
diameter wcllborc casing within a wcllborc is provided that includes supporting a first 
tubular member within the wellbore, plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deformbig 



and ladially expanding the second tubular member to a ttiid outside diameter, and 
plastically defwming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members alfter the 
plastic deformations and radial expansions are substantially equal. The first outside 
diameter may be greater than the second outside diameter. In one embodiment, plastically 
deforming and radially expanding the first portion of the first tubular member comprises 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may bc» for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, plastically deforming and radially expanding the first 
portion of the first tubular member comprises applying a radial force to tl^ first portion of 
the first tubular member using an inflatable bladder or using a roller expansion device. 
The method may further comprise injecting an annular body of a haidenable fluidic sealing 
material into an annulus between the fint tubular member and the wellbore and/or between 
the second tubular member and the wellbore. The annular body or bodies may be cured. 

According to another aspect of the present invoition, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubijlar member to a third outside diameter, and means for plasdcally deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be greater than the 
second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, clastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 



using a roller expansion device. The apparatus may further compiise means for injecting 
an annular body of a hardcnable fluidlc sealing material into an annvlus between tbe first 
tubular member and the wellbore and/or between the second tubular member and the 
wellbore. Such apparatus may fiirther comprise means for curing the annular body of 
hardenable fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion m o portion of the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion ecme launcher including: a first iinnular 
portion coupled to a lower portion of the tubular member, a second aimular portion 
coupled to the first annular portion that mates with the outer conical surfiu^e of the 
expansion cone, a third anmilar poition coupled to the second annular portion having a first 
outside diameter, and a fourth annular portion coupled to the third annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first outside 
diameter, and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes providing a 
lipped portion in a portion of the tubular member, and plastically deformii^ and radially 
expaiuling another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 
mbular member to a second mbular member is provided that includes providing a lipped 
portion in a poition of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second tubular 



member. The inside diameleis of the first and second tubular members after the plastic 
defoimations and radial expansions are substantially equal. 

According to another aspect of die present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the fim tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and means for plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second tubular 
members after the plastic defonnations and radial expansions are substantially equal. 

According to another aspect of th& present bvcntion, an apparatus for forming a 
wellbore casing vnthin a wellbore is provided that includes means for supporting a tubular 
member within the wellbwe, means for providing a lipped portion in the tubular member, 
and means for plastically defomning and radially expanding another portion of the tubular 
member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that inchides a tubular support member 
including a first fluid passage^ an expansion cone coupled to the tubular support member 
having a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, an annular expansion cone launcher including: a first aimular portion 
coupled to a lower portion of the tubular member, a second armular portion coupled to the 
first annular portion that mates with the outer conical surface of the expansion cone, a third 
annular portion coupled to the second aimular portion having a first outside diameter, and a 
fourth annular portion coupled to die third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, and a 
shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

According to another aspect of die present invention, a method of forming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member within 
the wellbore, providing a lipped portion In a portion of the tubular member, and plastically 
deforming and radially expanding another portion of the tubular member. The method 



may fiirther comprise injecting a hardenable fluidic scaling material in an annulus between 
^ the tubular member and the wellbore. 

O According to ahodier aspect of the present invention, a method of forming a raono- 

^ diameter wellborc casing within a wcllborc is provided that includes supporting a first 

5 tubular member vrfthin the wcllborc, providing a lipped portion in a portion of the first 
g nibulai mcmbw, plastically dcfonning and radially expanding another portion of the first 

^ tubular member, positioning the second tubular member inside the first tubular member in 

^ overlapping relation to the lipped portion of the first tubular member, and plastically 

^ deforming and radially expanding the second tubular member. The inside diameters of the 

^ 1 0 fim and second tubular members after the plastic deformations and radial expansions arc 
substantially equal. The method may further comprise injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore and/or 
between die second tubular member and the wellbore. The fluidic sealing material may be 
cured. 

1 5 According to another aspect of the present invention, an apparatus for forming a 

mono-diamcter wellbore casing widiin a wellbore is provided that includes means for 
providing a lipped portion in die fust tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in ovcriapping relation to the lipped 

20 portion of the first tubular member* and means for plastically deforming and radially 

expanding the second tubular member. The inside diameters of the first and second tubular 
members after the plastic defonnations and radial expansions are substantially equal. The 
apparatus may further comprise means for injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wellbore and/or between the second 

25 tubular member and the wcllborc. Such apparatus may fiirther comprise means for curing 
the fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
plastically deforming and radially expanding a first end of the tubular member, and means 

30 for plastically deforming and radially expanding a second end of die mbular member. 

According to another aspect of the prescm invention, an apparanas for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
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support member inchiding a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer conical 
O surface, an annular expansion cone launcher raovably coupled to outer conical surface of 

^ the expansion cone, an expandable tubular member coupled to an end of the annular 

5 expansion cone launcher, a shoe coupled to another end of the uuiular expansion cone 
g launcher having a valveabk fluid passage, and another annular expansion cone movably 

QO coupled to the tubular support member. The annular expansion cones arc positioned in 

^ opposite orientations. In one embodiment, the annular expansion cone is adapted to 

^ plastically deform and radially expand a first end of the expandable tubular member and 

^ 1 0 the other annular expansion cone is adapted to plastically defonn and radially expand a 
second end of the expandable tubular member. The apparatus may further comprise an 
anchoring member coupled to the tubular support member adapted to hold the expandable 
tubular. 

According to another aspect of the present invention, an apparatus for forming a 

1 S wellboie casing within a wellbore is provided that includes a tubular support member 

inchiding a first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an annular 
expansion cone launcher movably coupled to outer conical surface of the expansion cone, 
an expandable tubular member coupled to an end of the annular expansion cone launcher, a 

20 shoe coupled to another end of the annular expansion cone launcher having a valveaWc 
fluid passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expansion cones are positioned in opposite orientations. In one 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 

25 is adapted to plastically defonn and radially expand a second end of the expandable tubular 
member. The apparatus may further comprise an anchoring member coupled to the tubular 
support member adapted to hold the expandable tubular. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap between opposing pairs of wellbore casing withb a wellbore is provided that 

30 includes means for supporting a mbular meinber hi overlapping relation to the opposing 
ends of the wellbore casings, means for ph»tically deforming and radially expandhig tiie 
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tabular member, and means for plastically defonning and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention^ a method of bridging an axial 
gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlapping reladon to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore castnga. 

According to another aspect of the present tnveation» a method of forming a 
structure having desired stret^ characteristics is provided that includes providing a ffarst 
tubular member, and plastically de&iming and radially expanding acUitional tubular 
members onto the interior surface of the fiiat tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present inventton, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided that 
includes plastically dcfoiming and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially expanding additional tubular members 
onto the interior surface of the first tubular member until the desired strengdi 
characteristics are achieved 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member, the first tubular member having an original 
outside diameter ODo and an original wall thickness io* is provided that includes plastically 
deforming and radially expanding a fint portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically defonning and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after dve plastic deformations and radial expansions are substantially 
equal, and the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the fkst tubular member is greater than or equal to 16. 
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in 

S According to another aspect of the present invention, a method of forming a mono- 

^ difuneter wellbore casing is provided that Inchides positioning a first tubular member 

O within a wellbore, the first tubular member having an original outside diameter ODo and an 

g original wall thickness to, plastically deforming and radially expanding a first portion of 

5 the first tubular member to a first outside diameter, plastically deforming and radially 
CS expanding another portion of the first tubular member to a second outside diameter, 

S positioning the second tubular member inside the first tubular member in overlapping 

relation to the first portion of the first tubular member, plastically deforming and radially 
^ expanding the second tubular member to a third outside diameter, and plastically 

§ 1 0 deforming and radially expandmg the second tubular member to a fourth outside diameter. 

The inside diameters of the first and second tubular members after the plastic deformations 
and mdial expansions are substantially equal, and the ratio of the original outside diameter 
ODo of the first tubular member to the original wall thickness to of the first tubular member 

is greater than or equal to 1 6. 

1 5 According to another aspect of the present invention, an apparatus is provided that 

includes a plastically deformed and radially expanded tubular member having a fint 
portion having a first outside diameter and a remaining portion having a second outside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

20 According to another aspect of ihe present invention, an apparams is provided that 

includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second ouUide 
diameter, and a plasUcally deformed and radially expanded second mbular member 
coupled to the first portion of the first tubular member. The ratio of the original outside 

25 diameter ODo of the first tubular member to the original wall thickness to of the first 

tubular member is greater than or equal to 16. In one embodiment, the inside diameters of 
the first and second tubular members are substantially equal. 

According to another aspect of the present invention, a wcUbore casing formed in a 
wellbore is provided that includes a plastically defomied and radially expanded fint 

30 tubular member having a first portion having a first outside diameter and a remaining 
portten having a second outside diameter, and a plastically deformed and radially 
expanded second tobular member coupled to the first portion of the first tubular member. 
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The ratio of the original outsWc diameter OTh of the first tubular member to the original 
^ wall thickness tbofthc first tubular member is greater than or equal to 16. hone 

O embodiment, the inside diameters of fte first and second tubular members are substantially 

Q equal. 

5 According to another aspect of the presem invention, an apparatus is provided that 

^ includes a plastically deformed and radially expanded tubular member. The ratio of the 

^ original outside diameter ODo of the tubular member to the original wall thickness to of the 

^ tubular member is greater than or equal to 1 6. 

Q According to another aspect of the present invention there is provided an apparatus 

^ 1 0 for plastically deforming and radially expanding a tubular mwnber, comprising: means for 
coupling a first expansion cone to a second expansion cone; means for plastically 
deforming and radially expanding a furst portion of the tubular member to a first outside 
diameter using the first and second expansion cones; means for plastically deforming and 
radially expanding a second portion of the tubular member to a second outside diameter 
1 5 using the second expansion cone; and means for decoupling the first and second expansion 
cones prior to plastically dcforniing and radially expanding the second portion of the 
tubular member to the second outside diameter; wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
20 plastically deforming and radially expanding a tubular member, comprising: plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter using a first expansx)n cone coupled to a second expansion cone; decoupling the 
first and second expansion cones; and plastically deforming and radially expanding another 
portion of the tubular member to a second oiitsidc diameter using the second expansion 
25 cone; w*erein the first outside (fiameter is greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
coupling a first tubular member to a second mbular member, comprising: plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter using a first expansion cone coupled to a second expansion cone; 
30 decoupling the first and second expansion cones; plastically deforming and radially 

expanding another portion of the first tubular member to a second outside diameter using 
the second expansion cone; positioning the second tubular member inside the first tubular 
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member in overlapping relation to the first portion of the first tubular member; plastically 
deforming end radially expanding the second tubular member to a third outside diameter; 
and plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; wherein the first outride diameter is greater than the second outside 

5 diameter; and wherein the inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions arc substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for coupling a fust tubular member to a second tubular mranbcr, comprising; means for 
plastically deforming and radially expanding a first portiwi of the first tubular member to a 

10 first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the first expansion cone from the second expansion cone; means for 
plastically deforming and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 

1 5 portion of the first tubular member; means for plastically deforming and radially 

expanding the second tubular member to a third outside diameter, and means for plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter; 
wherein the first outside diameter is greater than the second outside diameter; and wherein 
the inside diameters of the first and second tubular members after the plastic deformations 

20 and radial expansions are substantially equal. 

Accoiding to another aspect of the present invention there is provided an apparatus 
for fonning a wcUbore casing within a wellbore, comprising: means for supporting a 
mbular member within the wellbore; means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter using a first 

25 expansion cone coui^ed to a second expansion cone; means for decoupling the first and 
second expansion cones; and means for plastically defomiing and radially expanding a 
second portion of the tubular member to a second outside diameter using the second 
expansion cone; wherein the first outside diameter is greater than the second outside 
diameter 

30 According to another aspect of the present invention there is provided a method of 

forming a wellbore casing within a wellbore, comprising: supporting a tubular member 
within a wellbore; plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
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expansion cone; decoupling the first and second expansion cones; and plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter using the second expansion cone; wherein the first outside diameter is 
greater than the second ovitside diameter. 

According to another aspect of the present invention there is provided a method of 
forming a mono-diamctw^ wellbore casing vyrtthin a wcllbore, comprising: supporting a first 
tubular member within the wellborc; plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter using a first expansion cone 
coupled to a second expansion cone; decoupling the first and second expansion cones; 
plastically deforming and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
fiist tubular member; plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter; wherein tiic first outside diameter is 
greater than the second outside diameter; and wherein the inside diameters cf the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a fust expansion cone coupled to a second expansion con^ 
means for decoupling tiie first and second expansion cones; means for plastically 
defbrmbig and ra^ally expanding another portion of the first tubular member to a second 
outside diameter using the second expansion cone; means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first portion 
of the first nibular member, means for plastically deforming and radially expanding tiie 
second tubular member to a third outside diameter; and means for plastically deforming 
and radially expanding the second tubular member to a foiath outside diameter; wherein 
die first outside diameter is greater than the second outside diameter; and wherein the 
inside diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 
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Brief Dcficription of the Drawings 
Fig. lais across sectional lUustxation of a wdlboro iocludipg apreoxiating 
welfboro casing. 

Kg. lb is a ciosB-eectional iUufltrarion of the placement of an embodimeat of an 
5 ^paratus for radially expanding a tubular member into (he wellbore of Fig. la. 

Fig. Icis aooss^ctional illustration of iheiideotion of fliMomatoifilatbrou^ 

the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fbudic sealing 
materials through the apparatus of Fig. Ic. 
10 Fig. le is a cross-sectional lUustratiQn of the prcssurization of the region below the 

expansion cone of the apparatos of Fig. Id. 

Fig. If is a cross-sectiQna] illuatratian of the continued piessurization of the region 
below the expansion coob of the apparatos of Fig. le. 

Fig. Ig is a cross-sectional illustration of the continued pressuriration of the region 
15 below the ejqwnsion cone ofthe apparatus of Fig, Iffbllowing the removal of the over- 
expansion sleeve. 

Fig. 1 h is a cross-flcctional illustration of the completion of the radial expansion of 
the expandable tubular member of the apparattis of Fig. Ig. 

Fig. li is a cross-sectional ilhiatratioD of the drilling out of anew section of the 
20 wellbora below the apparatus of Fig. lb. 

Fig. Ij is a cross-seotional illustration of the radial expansion of another 
expandable tubular member that overlaps with the appsiataB of Fig. li. 

Fig. Ik is a cross-sectioaa] illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 
25 Fig. 1 1 is a cross-sectional illustration of die completion of the secondary radial 

expansion of the other expandable tubular member ofFig. Ik to form a mono-diameter 
wdlbore casing. 

Fig. 2a is a cross sectional iUustraticm of a wellbore including a preexisting 
wdlbore casing. 

30 Fig. 2b is a cmss-scctional illustration of the placement of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. Za. 
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Fig. 2c is a cros8-scwtioiial ilhwtration of the injection of fluidic materials flirough 

the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional ilhistraticm of the itjection of hardcoable fluidic scaling 

inatBrials thiousb the ^aratus of Fig. 2c. 
5 Vig. 2e is a caoaa-Bcctionel illustration of tho piwsurization of tbe region below the 

ea^ansion oone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional iUustration of tiie continued pressuiizatjon of tho 
below the expansion cone of the ^aratus of Fig. 2e. 

Pig. 2g is a CTOs&^ectional illustration of the completion of the radial ejqpansion of 
10 the expandable tubularroember of fee apparatus of Fig. 2t 

Fig. 2h is a cioss-sectiond illuatration of the drilling out of a new section of (he 
wellbore below tho apparatus of Fig. 2g. 

Fig. 2i is a cross-secdonal ilhistration of the radial expansion of another 
«xpandd)le tubidak member that ovcdaps with tho apparatus of Rg. 2k 
15 Hg* 2j is a crossrsectional IUustration of the secondary radial expansion of tiie 

other expandable tubularmeraber of the apparatus of Fig. 2i, 

Fig. 2k is a cios&wtional illustration of the completion of die secondary radial 
expansion of the other expandable tubular member of Pig. 2j to Ibim a monoKliameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional ilhwtration of Ae apparatus of Fig. 2b illnstiBting the 

design and construction of the over-expansion msert. 

Fig. 3a is a cross-floctional illustration of an alternative embodiment of tho ovcr- 
eiq)ansion insert of Fig. 3. 

I^g. 4 is a cross-sectional illustration of an alternative embodimoit of the q)paiBtus 
25 of Fig» 2b including a resilient hook for retrieving tho ovcr-CKpansion Insert 

Fig. 5a is a cross-sectional illustration of a wettboro mcluding a piccjustuig 
wellbore casfaig. 

Fig. 5b is a oross-sootional illustration of die fbnnation of a new section of 
weHbore casing in ^e wcHbore of Pig. 5a. 
30 Fig. 5c IS a fiagmcntary cross-sectional illuatration of the placement of an 

inflatable bladder into the new section of tho wellbore casing of Fig. 5b. 
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Kg. 5d is a fiBgm(mttty croBS-seotioiwl iUustraticm of tbo inflation of the inflatable 
bladder of Kg. 5c. 

Pig, 5e is a cro85.scctioiiBl iUustration of the new section of wellbore casing of Hg. 
5d after over-expansion, 
5 Hg. 5f is a ciose-secttonal aiustration of the new section of wellbore easing of Fig. 

5e after drilling out a new section of the wellbore. 

Pig. 5g is a cro8»^ectional illustration of tbe formation of a mono-diamotcr 
wellbore casing diat includes the new section of the weUbore casing and an additional 
section of wellbore casing. 
10 Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. fib is aciosB-sectional ilhistration of tbelonnation of a new section of 
wellt>Qre casing In tbe woIlboKe of Fig. 6a. 

Fig. 6c is a fiagniBOtaiy cross-sectional illustration of the placement of axoBer 
1 5 radial expansion device into the new section of the wdlbore casing of Fig. 6b. 

Fig. 6d is a aoss-sectional illustration of the new section of wellbore casing of Fig. 
6c after ovei^expansion. 

Fig. 6c is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6d after drilling out a new section of fhe wellbore. 
20 Fig. 6f is a cross-sectional illustration of the foimation of a nsono-diameter 

wellbore casing diat includes the new section of the wellbore casing andan additional 
section of wellbore casing. 

Fig. 7a is across seotional illustration of a wellbore including apreexistkg 

wellbore casing. 

25 Fig. 7b is a cross-sectional illustration of tho placement of an enibodjmeat of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7e is a cioss-aectional lllustnition of the injection of fluidic materials thiov^ 

tlie ^aratus of Fig. 7b. 

Fig. 7d is a cross-eectional iUustration of the injection of haidenable fluidic sealing 
30 materials thiou^ the apparatus of Fig. 7c. 

Fig, 7c is a ciosa-scctiooal illustration of the pressuiization of the region below the 
expansion cone of the apparatus of Fig. 7d 
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Fig. 7f is 8 on>Be-8«ctionalilhi8trati(m of the continued prcssarizalion of thoiegio& 
below the expansion oono of the E^Biatus of Fig. 7e. 

Fig. 7g is acrosMOCtionel illuatration of the coinpktion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. 7f. 
5 Fig; 7b is a cioas-Bectioiud illustration of the diiUixig out of a nevir section of the 

wellbore bebw the ^antUB of Fig. 7g. 

Fig. 7i is a croas-sectional ilhutcation of the completion of the radial expansion of 
anoiber expandable tubular member to form a mono-dismeier wellbore casing, 

Hg. Baiscioss-scctional iiluslinUion of an wellbore inohiding apreexistlng section 
1 0 of wellbore casing having a recessed portion. 

Fig. 8b is a cioss-BectJonal ilhjstration of the placement of an ^aiatus for radially 
expanding a tubular member within to wellbore of Fig. 8a. 

Kg. So is ft doss-sectfonal illustration of the injection of fluidic materials throu^ 
the fipparatiia of Fig. Sb. 
1 5 Rg. 8d is a cross-acctional illuatration of the hijecdon of a hardenable fluidic 

sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion caie launcher of (he apparatus of Fig. 8d 

Fig. 8f is accoss-sectional illustration of the pbstb defbrmadon and radial 
20 expansion of the upper portion of the expandable tubutar member of the apparatus of Fig. 
8e. 

Fig. 8g is a cioss-sectional ilhjstration of the removal of the iqpper expansion cone 
from the wellbore of fig, 8£ 

Fig. 8h is a cross-sectional illustration of the conlinucd prcssuiization of the regioa 
25 below the expansion cone of the apparatus of Fig. 8g to therebyplastically deform and 
radially expand the expansion cone launcher and expandable tubular member. 

Fig. 81 is a cross-sectional illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the fiirther radial expansion of the 
30 apparatus of Fig. 8i in order to fonn a mono-diflmeter wellbore camng. 

Fig. 9a is a cross-sectional illustration of a wellbore mcludmg upper and lower 
preexisting wellbore casings that are separated by an axial gap. 
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Fig. 9b « a cioss-scdioMl iHustration of the coi^iHng of ft tubular manbor to tho 
opposing ends of the wdlbon casings of Fig. 9a. 

Hg. 9o is a ftagmentaiy cross-sectional iflustrati 

fl3cpansion dovice into tbo tubular member of Fig. 9b. 
5 Pig. 9d is a fragmentary doss-sootioDal iUaattation of tbe actuation of the radial 

expansion device of Fig. 9c. 

Fig. 9e is a ciosMectioiial of a mono-diameter wellbore casing generated by the 
actuation of the radial expansion device of Pig. 9d 

Fig. lOis across-seclioEal IllustraUon of amono-diamctcr wellboiocasing that 
10 includes a plurality of liorets of radially expanded tubular membefs along at least a portion 
of the its length. 

Fig. 1 la is a croM-soctional iUustration of a wcBboie including si casing fijimedby 
plastically defbrming and radially expandmg a first lubulfix member. 

Fig. 1 lb is a ctosi-sectional ilhistration of a weUbore including another caaing 
1 5 coupled to preexisting casing by plastically defonning and radially expanding a second 
tubular member. 

Fig. 1 Icis a cross-sectional ilhistration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular membar a second time. 
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Detailed Description 

Several embodiments of methods and apparatus for forming a mono-diameter 
wellbare casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter ^vellbore casings, pipelines, or 
structural supports. Furthermore, while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, the 
teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing IS may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore easily IS is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparahis disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent i^lication AU-A-16417/00, 
(3) U.S. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903. (6) U.S. 
patent 6568471, (7) US, patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (i 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A'2003-01 16325, and (17) U.S. patent 
application US-A-2004*004571 8, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 1 10 for conveying fluldic materials. An 
expansion cone 1 1 5 defining a passage 120 and having an outer conical surface 125 for 
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^ radially expanding tubular members is coupled to an end of the tubular suj^ort 

Q member 105. An annular conical over-expansion sleeve 1 30 mates with and is 

vO removably coupled to the outer conical surface 1 25 of the expansion cone 1 1 5 In 

several alternative embodiments, Ae over-expansion sleeve 130 is fabricated from 
5 frangible materials such as, for example, ceramic materials, in order to facilitate the 
S removal of the over-expansion sleeve during operation of the apparatus 1 00. In this 

^ manner, the amount of radial expansion provided by the apparatus may be decreased 

^ foUov/ing the removal of the over-expansion sleeve 1 30. 

^ An expansion cone launcher 1 35 is movably coupled to and supported by ihe 

1 0 expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone launcher 
135 include an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 1 15 and the over-expansion sleeve 130» an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 140 defining a valveable passage 1 45 is coupled to the 
1 5 lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllably closed in order to fluidicly isolate a region 
1 50 below the expansion cone 1 1 5 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 
An expandable tubular member 155 is coupled to the upper portion of the 
20 expansion cone launcher 135. One or more sealing members 160a and 160b are 

coupled to the exterior of the upper portion of the expandable tubular member 1 55. In 
several alternative embodiments, the sealing members 160a and 160b may inchide 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
25 in addition to, the sealing members 1 60a and 1 60b. 

In a preferred embodiment, the support member 105, the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 arc provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A-1641 7/00, (3) U.S. patent 



^ 6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 

Q (7) U.S, patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 

International patent application WO 01/04535, (1 1) International patent application 
WO 01/33037. (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
CnI 5 application US-A.2003-0121558, (15) U.S. patent application US-A-2004-0033906, 
S (16) U.S. patent application US-A-2003-Ol 16325, and (17) U.S. patent application US- 

^ A-2004-004S7i8, the disclosures of which are incorporated herein by reference. 

2 As illustrated in Fig. lb, in a preferred embodiment, during placement of the 

^ apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 

10 conveyed through the apparatus 100 through the passages 110, 120 and 14S to a 
location above the apparatus 100. In this manner, surge pressures during placement of 
the apparatus 100 whhin the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 100 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 155 overlaps with the preexisting casing IS. In this manner, the 
15 upper portion of the expandable tubular member 1S5 may be radially expanded into 
contact with and coupled to the preexisting casing IS. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
20 expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through the 
apparatus 100 through the passages l lO, 120, and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
25 injected through the apparatus 100 through the passages 110, 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In diis nuuiner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing material 
175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material ITS is compressible, before, during and/or after, the curing process. 
As illustrated in Fig. le, anon-hardenable fluidic material ISO may then be injected 
into the apparatus through the passages 1 10 and 120* A ball plug 18S, or other 
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dmilar device, may then bo injected with the fluidio matraal 180 to thereby seal off the 
passage 145, In Ms rcanncr, the region 150 maybe pressurized by the continued tmeetion 
of the fluidic material 180 into the apparatus 100. 

As illustrated in Fig. If, the continued injection of &e fluidic materiEd 1 80 into the 
5 apparatus 100 causes the expansion cone launcher 135 and expandable tubular member 
155 to be plastically deformed and rodiaUy expanded ofiTof the over-expansion sleeve 130. 
In this manner, the expansion cone 1 15 and over-expandon sleeve 130 are dispiaoed 
relative to ttie expansifm cone launcher 135 and expandable tubular member 155 in the 
BXial direction. 

10 After a predetermined time period and/or after a picdetranined axial displaconent 

of tho expansion cone 1 1 5 relative to the expansion cone launcher 135 and expandable 
tubular manber 1 55, the over-expansion sleeve 130 may be removed ftom the outer 
conical sur&ce 125 of the expanuon cone 115 by the i^lieatkm of a predetermined 
upward shock load to the support member 105. In a prefened embodiment, the shock load 

15 causes the frangible over-expansion sleeve 130 to :&acture into small pieces that arc then 
forced off of tho outer conical surface 125 of the expansion cone 115 by the continued 
prcssurization of the region 1 50, In a preferred embodiment, the pieces of the over- 
expansion sleeve 1 30 are pulverized into grains of matwial by the continued pressuiization 
oftha region 150. 

20 RcfciTing to Kg- 1 & foUowng fee iranoval of the frangible over-expansion sleeve 

130, the continued pressurization of the region 150 causes the otpandable tubular member 
155 to be plastically defi>rmed and radially expanded and extruded off of the outer conical 
surfece 125 of the expansion cone 1 15. Note that the amount of radial expansion provided 
by the outer conical surface 125 of expansion cone 115 is less than the amount of radial 

25 expansion provided by the combination of the over-expansion sleeve 130 and the 

expansion cone 1 15. In diis manner, aa illustrated in Rg. Ih, a rooess 1 85 is £>rmed in tfic 
radially expanded tubular member 155. 

After completing the plastic defimnadon and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby fonn an 

30 amuilflT body 190 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. li* the shoe 140 may ttiea removed by drilling out the shoe using 
a conventional drilling device. A new section of the wellbore 1 0 may also be driUed out in 
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order to permit additional expandable tubular members to be coupled to the bottom 
portion of the plastically deformed and radially expanded tubular member ISS. 

Referring to Fig. Ij, a tubular member 200 may then be plastically defomied 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 18S of the tubular member 155. In a preferred embodiment, one or more 
scaling members 205 arc coupled to the exterior surface of the upper portion of the 
tubular member 200. In a preferred embodiment, the sealfaig members 205 seal the 
interface between the upper portion of the tubular membo- 200 and the recessed portion 
185 of the tubular member 155. In several alternative embodiments, the sealing 
members 205 may include elastomeric elements and/or metallic elements and/or 
composite elemoits. In several alternative embodiments, one or more anchoring 
elements may substituted for, or used in addition to, the sealing members 205. In a 
preferred embodiment, an annular body 210 of a hardenable fluidic sealing material is 
also formed around the tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using orie or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6S64875, (13) U.S. patent 669S012, (14) U.S. patent application US-A-2003-0121558, 
(IS) U.S. patent application US*A*2OO4-O0339O6, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 
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In on alternative embodiinenti the annular body 210 may be omitted* In several 
alternative embodiments, the annular body 210 may be radially compressed before^ 
during and/or after curing* 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members ISS and 200 are substantially equal. In this manner, as illustrated in Fig. II, a 
mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 30S defining a passage 310 for 
. conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion insert 
330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 33S. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
350 below the expansion cone 31S and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 Bcom the region outside of the apparatus 3O0. 

In a prefenred embodiment, as illustrated in Fig. 3> the over-expansion insert 330 
includes a plurality of spaccd-apart arcuate inserts 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of the expansion cone 315 and the 



-23- 



inner sur&cc of the intermediate portion of the expandon cone launcher 33S. In this 
manner^ the relative axial displacement of the expansion cone 315 and the expansion 
cone launcher 33S wii] cause the expansion cone to over-expand the intermediate 
portion of the expansion cone launcher. In this manner, a recess may be formed in the 
radially expanded expansion cone launcher 335. In several alternative embodiments, 
the inserts 330a, 330b, 330c, and 330d fall out of the recess and/or are removed from 
the recess using a conventional retrieval tool upon the completion of the radial 
expansion process* 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further includes intermediate resilient members 331a, 331b, 331c, and 33 Id for 
resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expEinsion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360b and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone laundier 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) 
patent 6497289, (2) Australian patent application AU-A-1 6417/00, (3) U.S. patent 
6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S, patent 6695012, (14) U.S. patait 
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application US-A-2003-0121558, (IS) U,S. patent application US-A-2004-0033906, 
(16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent application US- 
A-2004-0045718, the disclosures of which arc incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 within the welibore 10 are 
conveyed through the apparatus 300 through the passages 3 1 0, 320 and 345 to a 
location above the apparatus 300. In this manner, svirgt pressures during placement of 
the apparatus 300 within the wellbore 10 are reduced* In apzeferred embodiment, the 
apparatus 300 is initially portioned within the wellbore 10 such that the top portion of 
the tubular member 355 overlaps with the preexisting casing 15. In this manner, the 
upper 
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poxtion of tho oxpandfibk tubular member 355 may bo radially oxpandod into ocmtaet vridi 
and coupled to the preexistiiig casing 1 5. As will be tccognizcd by persons having 
ordinary skill in the art, the predse initial position of the expandable tubular member 355 
will vary as a Amotion of the amount of radial expansion, the amount of axial shrinkage 
5 during radial expansion, and the matolBl properties of the expaiulable tubular member. 
As illustrated in Fig. 2q, a Mdio mateiiBl 370 may then be injected through the 
^aratus 300 through the passages 310, 320, and 345 in order to test the propar operation 
of these passages. 

As illustrated in Fig. 2d, a hBrdcnable fluidic scaling material 375 may then be 
10 injected through the apparatus 300 thmugh the passages 3 1 0, 320 and 345 into the annulus 
between the apparatus and the weilbore 10. In this manner, an annular barrio to fluid 
migration into end out of the wellbore 10 may be f(mned aioimd the radially oxpdnAed 
expansion cone launcher 3 35 and expandable tubular member 355. The haidenable fimdio 
sealing material may include, for eocamplei, a cemimt mixture. In several altemativc 
1 5 embodiments, the injection of the hardenable fluidic sealing material 375 may be omitted, 
hi sevml alternative embodiments, the hardenable fluidic sealing material 375 is 
compressible, before, doling and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable iluidio material 3S0 may then be 
injected into the jq^paratus duou^ the passages 3 1 0 and 320. A bad plug 385, or other 
20 aimilar device, may then be bjected with the fluidic material 380 to diereby seal oiTthe 
passage 345. In this manner, the region 350 nuy be pressurized by the contmued mjection 
of the fluidic material 380 into the apparams 300. 

As illustmted in Fig. 2f, the continued injection of the fluidic material 380 into the 
apparatus 300 causes the e^ansion cone iauncho: 335 to be plastically deformed and 
25 radially expanded oiTof the over-expansion insert 330. In this manner, the e/cpansion ocme 
315 is displaced relative to the expansion cone kunchcr 335 and expandable tubular 
member 355 in the axial dunctbn. 

Onca the radial expansion process has progressed beyond (he over-expansion insert 
. 330, the radial expansion of the expansion cone launcher 335 and expandable tubular 
30 member 355 is provided solely by the outer conical surface 325 of the expansion cone 315. 
Note that the amount of radial expansion provided by the outa conical surface 325 of 
expansion cone 31 5 is less than the amount of radial expansion provided by the 
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combinatioD of tho ovor-oxpansion insert 330 and fho cxpondon cone 315. In Hiis iDamier» 
as illustTBted in Fig. 2g» a nccss 390 is fonned in the radially expanded tubular mcmbcx 
355. 

In several alterostive embodimenISp ibe over-expansion insert 330 is removed from 
fbe recess 390 by filling out and/or removal using a oonvontiona^ fiian 
altematiYe embodiment^ the resilient force provided by the resilient members 331a, 33 lb» 
331c, and 331d cause the insert 330 to collie in the radial direction and thereby M out 
of the recess 390. In an ahemative embodiment, as illiistratcd in Fig. 4, one or moie 
resilient hooks 395a and 395b are coupled to the bottom of the oxpansion cone 315 for 
retrieving the over-expansion insert 330 during or after the compMoa of the radial 
expansion process. 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a banier to fluid flow into or out of fbc wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out (he shoe using 
a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically dofomied and radially expanded tubular member 355. 

Keferring to Fig. 2j, a tubular member 405 may then be plastically deformed and 
radially expanded using any number of cdnveiitioiial methods of radially eoqsanding a 
tubular member, ha aprefeired embodiment, the upper portion of the rodially expanded 
tubular member 405 overly with and mates wi& the recessed portion 390 of the tubular 
member 355. M a preferred embodhnent, one or more sealing members 41 0 are coupled to 
the exterior sur&ce of the upper portion of the tubular member 405. hi a preferred 
embodiment, the scaling members 41 0 seal the interface betv/coa the upper portion of the 
tubular member 405 and the recessed portion 390 of the tubular member 355. In sovend 
alternative embodunents» the sealing members 410 may inchde elastomeric elements 
and/ormelallic elements and/or compoaite elements, hi several alternative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 
members 410. In a prefen:ed embodiment, on annular body 415 of a hardenable fluidic 
sealing material is also formed around the tubuJai member 405 using one or more 
conventional methods. 
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In a preferred embodinient, the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 64972S9, (2) 
Australian patent application AU-A- 164 17/00, (3) patent 6823937, (4) U.S. patent 
63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent applicaUon WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US*A-2003-012l5S8, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as ilhistrated in Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellborc casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6S75240, 
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(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. Sc and 5d, a conventional inflatable bladder S15 may then be 
positioned within the tubular member 500 and inflated to a sufficient operating 
pressure to plastically defonn and radially expand a pordon of the tubular member to 
thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f» the inflatable bladder 513 may then be removed 
and the shoe 505 drilled out using a conventional driilii^ device. 

Referring to Fig. 5b» an additional tubular member 525 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
525, an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit die over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6B-6b, in en alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
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a preferred embodiment, the tubular member 600 h plastically deformed and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U,S. patent 6823937, (4) U.S. patent 
S 63281 13. (5) U.S. patent 6640903, (6) U.S. patent 656S471, (7) U.S, patent 6575240. 
(8) as. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) Internationa! patent q>pIication WO 01/33037, (12) U.S. patent 
6564875. (13) U.S. patent 6695012. (14) U.S. patent application US-A-20O3-O121558, 
(15) U.S. patent application US-A-2004.0033906, (16) U.S. patent application US-A- 
10 2003-011 6325, and (17) U.S. patent applicaUon US-A.2004.0045718, the disclosures 
of which are incorporated herein by reference. 

In several altemaUve embodiments, the annular body 610 may be omitted or 
may be compressible before, during^ or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
15 then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 In the tubular member. As will be recognized by persons having ordinary 
skill in the art, a roller expansion device typically utilizes one or more rollers that, 
20 through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat. Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

Refening to Figs. 6d and 6e, the roller expansion device 615 may then be 
25 removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f. an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional cnanner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-<fiameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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625, an annular body 630 of a fluidig sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring Initially to Fig. 7a, a wellbore 10 includes a preexisting weUborc 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbcve 10 using any number of conventional methods. In a preferred 
embodiment, Ae wellbore casing IS is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A-16417/00, 
(3) U.S. patent 6823937, (4) U.S. patent 63281 13, (5) US. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S, patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325. and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing IS may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 deOning a passage 710 for conv^ing fluidic materials. An 
expansion cone 71 5 defining a passage 720 and having an outer conical surface 725 for 
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radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 73S is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 735a 
having an upper outer diameter, an intermediate poztion 735b that mates with the 
expansion cone 7I5> and a lower portion 73Sc having a lower outer diameter. The 
lower outer diameter is greater than the vpp& outer diameter. The expansion cone 
launcher 73S fiirther includes a recessed portion 73Sd having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment^ the valveable passage 
745 may be controllably closed in order to fluidicly isolate a re^on 750 below Ae 
expansion cone 715 and bounded by the lower portion 73Sc of the expansion cone 
launcher 735 and the shoe 740 from die region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 70S, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of die following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent q)plication WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558, (15) U,S, patent application US-A-2004-0033906, 
(16) U.S» patent application US-A-2003-Ol 16325, and (17) U.S. patent application US- 
A-2004-0045718, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fhiidic materials 765 within the wellboie 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the ^paratus 700. In this manner, surge pressures during placement of 
the apparatus 700 within the wellbore 10 are reduced. In a prefenred embodiment, the 
apparatus 700 is initially positioned within the wellbore 10 such that tte top portion of 
the tubular member 755 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
spendable tubular member. 

As illustrated m Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardcnable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative 
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embodiizicDts^ the ii^cction of tho hardeaable floidic sealing material 775 may be onutted. 
In several alteniative enobodcneiits, Ihe hardcnablB fhiidic sealing matcarial 775 is 
eonapresBible, before, during aod/or Bfter, the curing process. 

As iJlustiBted in Fig. 7e, a non-bardenable fluidic material 780 may then be 
5 injected into the appanitus through the passages 710 and 720. A ball plug 785, or oth^ 
similar device, may then be injected with the flmdio material 780 to fbiealby seal off the 
passage 745. In this manno^, the region 750 may be {rasurited by the contintted injection 
of tiie fltddlc matezial 780 into the apparatus 700. 

As illustrated m Figs. 7f and 7g» tiie continued injection of the fluidic material 780 

10 into the apparatus 700 causes the expansion cone launch^ 735 and expazzdable tubular 
member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. Tho resulting stnicbire includes a lip 790. 

After compledng the plastic defomiatton and radial expansion of the tubular 
member 755, the hardenable iluidic sealing outerial is allowed to cure to thereby Ibim an 

15 snnolar body 795 that provides a bander to fluid flow into or out of the wellbore 10. 

Hefcrring to Fig. 7h, tho shoe 740 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of tho wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to bo coupled to the bottom portikm 
of the plastically defbnned and radially expanded tubular member 755. 

20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

de5»med and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800, an annulsn- 
body 805 of a fhiidic sealing material may be formed around foe tubular member in a 

25 conventional m«nn«- and/or by using one or more of the methods and apparatus described 
above. In a prefbzred embo^ent» the lip 790 ikciHtatcs the coupling of tibo tubular 
member BOO to the tubuJar member 755 by providing a region on which the tubular 
member 800 may be easily coupled onto. 

Re&nric^ to Fig. Sa, in an alternative embodiment, a wellbore 10 includes a 

30 preexistnig section of wellbore casing 15 and 900, The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a Ouidic 
sealing material may also be provided around the casing 900. The casing 900 and anniilar 
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body 915 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following; 
(1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. 
patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. patent 
6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763. 
(10) International patent application WO 01/04535, (11) Internationa) patent 
applicadon WO 01/33037, (12) U.S. patent 6S64875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) VS. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-0] 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of v/hich are incorporated herein by 
reference. 

Referring to Fig. 8b» an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that mcludes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking 
device 1015 that defines a passage 1020 for conveying fluidic materials that is fluidicly 
coupled to the 
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passage 1010. Tho loddng device 1015 fiiithor includes Inlet passages. 1020a and 1020b» 
actuating chambers, t02^a and lQ25b, and locking mcsnbers, 1030a and 1030b. During 
operation, the iiyectioaof fluidic materials into the actuating chambera, 1025a and 1025b> 
cauaes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 direction, lii this manner, the locking device lOlS may be controilably coupled to a 
tubular member to tiusreby maintain fhe tubular member in a substantially staticmaiy 
position. As will be recogm'ssed by persons having ordinary skill in the art, fhe qmting 
piessuies and physical shape of the inlet passages 1020, actuating chambers 1025, end 
loddng members 1030 wiB detacmine the Tnaximxim amount of holding force provided by 
10 the locking device 1015. In sevecal alternative embodiments, fluidic materials may be 
mjected into the locking device 1015 using a dedicated fluid passage in order to provide 
pf ecise control of the locking device. In several alternative embodiments, the locking 
device 1015 maybe omittod and the tubular support member 1005 coupled directly to the 
tabular support mcniber 1035. 

1 5 One end of a tubular support member 1035 that defines a passage 1040 is coupled 

to the bddng device 1015. The passage 1040 is fluidicly coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1 050 and includes an outer conical surface 
1055 is coupled to another end of the tubiilar 8U{^ort member 1035. An expansion cone 
laundier 1 060 is movably coupled to and supported by the expansion cone 1 045. The 

20 expansion cone launcher 1060 includes an upper portion 1 060a having an upper outside 
diameter, an intennedtale pordon 1060b that mates widi the expansion cone 1045, and a 
lower portion 1 060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that delines a valveable passage 1070 is coupled to the lower portion 

25 1 060c of the expansion cone launcher 1060. In this manner, a region 1075 below the 

expansion cone 104S and bounded by the eiqiansiun cone launcher 1060 and the shoe 1065 
may be pressurized and fluidicly isolated from the annular regicm between the apparatus 
lOOO and the wellbore 10. 

An esqsandable tubular member 1080 is coupled to the upper portion of the 

30 expansion cone launcher 1060. Jn several alternative embodiments, one or more sealing 
members are coi^led to the exterior of the upper portion of the expandable tubular 
member lOSO. In several alternative embodiments, the seaHng members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
gdtcmative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular 
support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone lOSS for supporting and actuating the 
expansion cone. 

In a preferred embodiment, the support memben lOOS and 1035, the expansion 
cone 1045, the expansion cone laimcber 1060, the shoe 1065, and the expandable 
tubular member 1080 are provided substantially as disclosed in one or more of the 
foUov^iiig: (1) U.S. patent 6497289, (2) Australian pat^t application AU-A-16417/00, 
(3) US* patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471. (7) U.S. patent 6575240, (8) US. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (11) International patent 
aw)lication WO 01/33037, (12) US. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
^plication US-A-2004-00457I8, the disclosures of Avhich are incorporated herein by 
reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fhiidic materials 1 110 within the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
placement of die apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
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member 1080 may be radially expanded into contact with and coupled to the recess 910 
of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1 115 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operaticHi of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 
into the annulus between the apparanis and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wdlboie 10 may be formed around the 
radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several altemative embodiments, the injection of the hardenable fluidic 
sealing material 1120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, . 
the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 123 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be injected with the fluidic material 1125 
to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1125 into the apparatus 
1000. Furthermore, in this manner, the actuating chamben, 1025a and 1025b, of the 
locking device 1015 may 
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be pressurized. In tiiis maimer^ Hie tubular momber lOSO may be held m a subsUmtiaUy 
stadanaiy position by the lockmg device 1015. 

As illustrated in Fig. Zf, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial fbrce using Hie suj^it member 1 lOO 
5 and/or through the application of fluid force. The axial displacement of the expansion 
cone 1 085 may plastically defonn and radially expand the upper portion of the expandable 
tubular member 1 OSO. In this manner, the upper portion of the expandable tubular 
member 1080 may be jirecisely coi^led to the recess 910 of the preexisting casing 900. 
During the downward actuaticm of the expansion cone 1085, the locking member 
10 1015 preferablyprevents axial di^lacemcDtofthatubularmembet 1080. hiaprefcrred 
embodiment, the locking member 1 01 5 is poaitiondd proximate the upper portion of the 
tubular member 1080 in ord^ to prevent buckling of the tubular member 1080 during the 
radial expansion of the upper portion of the tubular member, hi an alternative 
embodiment, the locking member 1015 is omitted and the interference between the 
15 intennediate portion* 1060b of the expansion cone launcher 1060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during die radial 
cscpansion of the iqiper portion of (he tubular memb^. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
of thewellboie 10. 

20 As iUustiated in Fig. 8h, the continued injection of the. ihiidic material 1 125 into 

the apparatus 1000 noay then cause the expansion cone launcher 1 060 and die expandable 
tubular member 1080 to be plastically deformed and radially eacpanded off of the 
expansion cone 1045. In this manner* the expannon cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1 080 in the axial direction. 

25 In a preferred embodiment, the axial forces created during die radial expansion process are 
greater than the axial forces generated by the k}cking device 1015. As will be recognized 
by pereoDs having ordinary skill in the art, die precise relationship between these axial 
forces will vary as a fonction of the qpeiating characteriatics of the locking device 1015 
and the metallurgioal properties of the expazmon cone launcher 1060 and expandable 

30 tubular 1080. In an alternative embodiment, the operating pressures of the actuating 

chambciii, 1025a and 1025b, and the region 1075 are separately controllable by providing 
separate and dedicated fhdd passages fox pressurizing each. 
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As illustrated m Pig. 8i» after completing tbo plastic defonnatioii and ladiai 
eocpansion of the tubular member 1080, the hardenable fluidic sealing material is allowed 
to cure to thereby foim an annular body 1 130 that provides a barrier to fluid flow into or 
out of the weilboxe 10. Iho shoe 1065 may then removed by drilling out the shoe using a 
5 Gonvcntional drilling dovico. A wsw section of the weObore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coi^ied to the bottom portion 
of the plastically defbraied and radially expanded tubular member 1 080. 

In an ahemative embodiment, the annular body 1130 may be omitted. Jn several 
alternative embodiments, (be annular body 1 130 maybe radially c<Mxipiessed before 
10 during end/or alter curing. 

Refemng to Fig. 8j, tbo tubular member 1080 may be radially expanded again 
using one or mote of the methods dcsciibcd above to provide an mooo-diamfiter wcllbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 inchides an i^iper preexisting casing 1205 
15 and a lower preexisting casing 1210. Thecasings, 1205 and 1210, may Anther include 
outer annular layers of fluidic sealing materials such as, for example, cement The ends of 
the casings, 1205 and 1210, are separated by a geq) 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 
ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In apreferred 
20 embodiment, the tubular member 1220 is coupled to the opposing ends of the casings, 
1205 and 1210, by plastically deformhig and radially expasdiog the mbular member 1220 
using one or more of the methods and apparatus described and referenced above. 

Referring to Fig 9c, a radial expansion device 1225 may then be positioned within 
the tubular member 1220. In a prefetred embodiment, the length of the radial expansion 
25 device 1225 is greater than or equal to the axial length of the tubular member 1220. In 
several alternative embodiments, die radial eiqiansion devicB 1225 may be any number of 
conventional radial expansion devices such as, for example, expansion cones actuated by 
hydraulic and/or direct axial force, toller expansion devioea, and/or esxpandablo hydraulic 
bladders. 

30 Referring to Figs. 9d and 9c. afler actuation and subsequent dc^actuatton and 

removal of the radial expansion device 1225, the inside diameters of the casings, 1205 and 
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1210, aro substandaDy equa) to ftic inside diameter of the tubular member 1220, Jnitih 
maimer, a moao-diameter wellboxe casing may be fonned. 

ReforingtoFig. 10,aweUbore 1300 includes aa outer tubular member 1305 and 
an inner tabular member 1310. In aprefened embodimea^ the tubular members, 130S and 
5 1310, are plastically de&rmed and radially expanded using one or oioxe of ^ xoetfaods 
and i^paratos described and refecenced above. In manner, a wellbore casing may be 
provided whose burst and collapse strength may be precisely controlled by voryiog ib» 
number, tfiickness, and/or material properties of the tubular members, 1305 and 1310. 
Referring to Pig. 11a, a wellbore 1400 includes a casing 1405 thai is coupled to a 
10 preexisting casing 1410. En a preferred embodiment* one or more sealing members 1415 
are coiqilod to the exterior of the upper portion of the tubular menxber 1 405 in oidar to 
optimally seal the intei&ce between the tubular member 1 405 and the preexisting tymt^ 
1410. In aprefened embodiment, the tubular member 1405 is plastically defimned and 
radially expanded using conventional methods and/or one or more of the methods and 
15 i^iparatus described and referenced above. In an exemplary embodiment, the outside 

diameter of the tubular mraiber 1405 prior to the radial expansion process is OD^ the wall 
thickness of the tubular member 1405 prior to the radial expansion process is tg, the 
outside diameter of the tubular member following the radial expansion process is OD^, and 
the wall thictmess of the tubular member followipg the radial expansion process is t|. 
20 Referring to Fig. 1 lb, a tubuhff member 1420 may then be coupled to the lower 

portion of the mbular member 1405 by plastically deforming and radially expandiiig the 
tubular mwnber 1420 using conventional methods and/or one or more of the metfiods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of tiie tubular member 1420 includes one or more sealing members for 
25 sealing the inter&x between the tubular member 1420 and the tubuhur member 1405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and ttie tubular 
member 1420 maybe mdially expanded again to provide a mono-dtametcr wellboro 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In an 
30 exemplary embodiment, the outside diameter and wall thickness of the lower portion of 
the tubular member 1 405 after the additional radial expansion process are OD^ and t^. 
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Tho radial expan8Loti]xroco85 of Figs. 1 lb-1 Ic caa thou be iqpoated to provide a 
moBO-diameter wollboxe casing of virtually unlimited lengdi. 

In several alternativo embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1420, may be clianged. For example^ the first tubular member 
5 1405 may be plastically deformed and radially ejqoanded to provide a lower portion having 
the ontsido diameter OD, and the lemamiiig portion having the ontsidfi diameter QD|. The 
tubular member 1 420 may then be pUuttcalfy defonned and radially e7q>anded one or moi9 
times until the inside diametets of the tubular memben, 1405 and 1420, are substantially 
equal. The plastic deformations and radial expansions of the tubular memberSi 1405 and 
1 0 1420, may be provided using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. 

In an exemplar/ embodiment^ the total expansion strain £ of the tubular member 
1405 me^ bo expressed by die following equation: 



PUrthermore^ in an exempUiy embodiment^ where: (1) the exterior surface of the 
i^)per p<»ti(m of the tubular member 1420 uidudes sealing members, axid (2) the radial 
20 spadng between the tubular monber 1405 and the wellbore 1400prior to the first radial 
e^onsion is equal to d, the outside diameters, OD, and OOjy of the tubular member 1405 
following the first and second radial expansions may be expressed as: 



E^(0I\-0D^)/0D, (1) 



13 



where 



ODo - original outside diameter; 

OD, = outside diameter after 1" radial expansion; and 

OD2 - outside diameter after 2^ radial expansion. 



QDl = QDj> + 2rf+2^, (2) 
0!D2 = (2Dj + 2iJ+2/j (3) 



where ODq 



OD, 



the original outside diameter of the tubular member 1405; 
» the outside diameter of tlie tubular member 1405 
f ollowmg the first radial expansion; 



OD, 



the outside diameter of the tubular member 1405 
following the second radial expansion; 



30 



d 



the radial spacing between the tubnlar member 1405 
and the wellbore prior to the fiiEt radial expansion; 
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t| - thowallthiclmesBoftketiibularmcmber 1405 after 

tho first radial expansion; 
tj - the wall tbickness of tlie tabular member 1405 after 
fhd second radial sxpandon; and 
5 R ^ the thickness of sealing membor provided on die 

extBrior sor&ce of tho tubular member 1420, 
PurtheoQQore^ in an exemplary embodiment, for d approximately eqnal to 0.25 
inches and R approximately eqnal to 0.1 inches, equation (1) can be approximated as: 

£=:(o.7"+3J/o)/^?A (4) 

10 where to the original wall thtokneasoftfae tubular member 

1405. 

In an exemplaiy embodtmenl* the total expansion strun of the tubular member 
1405 should be less ttian or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, torn equation (4) the ratio of the 
15 original outside diameter to the originai wall thickness (ODA) i^ay be expressed as: 

OD^ / to > 3-8/(0.3 - 07 / QDo) (5) 

Thus, in a prafeiTed embodhneot, for 0I\ less dian 1 0 inches, the optimal ladb of 
tiie original outside diameter to the original wall Mcfcness (ODA) he expressed as: 

OD,/t,il6 (6) 

20 In this mamier, for ^Ical tubular members, the burst and coUapse strength of the 

tabular members followisg one or more radial expansions are maximized when the 
retationship in equation (d) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are valid regardless of die order or type of the radial e3q>an6ion8 
of the tubular no^nber 1405, More generally, the relationships expressed in equations (1) 

25 througli (6) may be applied to the radial expansion of structures having a wide range of 
profiles snch aa» fi>r example, triangular, rectangular, and oval. 

An ^aratus for plastically dcfoiming and radially expandhig a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
first portion of the tubular member to a fiist outside diameter, and means for plastically 

30 deformuig and radially expanding a second portion of the tabular member to a second 
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outsido diameter. In a preferred CTibodiinent, the first outside diamet^ is greater than the 
second outside diameter. In a prefected embodiment, the means for plastically deforming 
md mdialty expanding the first portLoa of the tubular member to tiie fixst outside diameter 
is removable. M a pxefiBned embodiment, ttu means ioi plastically defoxming and radially 
5 eipanding the first portion of the tubular member 1o the first oulBide diameter is fiwigible. 
In a preferred embodiment, the means for plastically deiorming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a prefoiTcd 
embodiment, the means for plastically deforming and radially expanding the first potion 
of the tubular member to the first outside diameter includes means for q^lying a radial 
1 0 force to the first portion of the tubular member. In a preferred embodiment, the means for 
plasdcBlly deforming and radially eoqMAding the first poxtion of the tubular monber to tho 
first outside diameter is inflatable. In a preforred embodiment, thio means for plasticBlly 
deforming and radially expanding the first portion of the tubular member to the first 
outside diametor includes rolling means for applying radial ptzessuie to the first portion of 
IS tho tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has iLlfio been described that includes a tubular support member inoludmg a first fiuid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the iirst fluid passage and an outer conical surface, a 
20 removable annular conical sleeve coupled to the outer conical suifoce of the expansion 
cone, an ammlar expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the e)q)an3icm cono launcher. In a preferred embodiment^ fiie conical sleeve is frangible. 
In a preferred embodiments the conical sleeve is clastic, a prcfcncd embodimoit, the 
25 conical sleeve includes a plurality of arcuate eieinents. 

A method of plastically deforming and radially expandmg a tubular member has 
also been described that includes plastically defonoing and radialiy expanding a portion of 
tiie tubular member to a first outside diameter, and plastically deforming and radially 
expanding another poxtion of the tubular member to a second outside diameter. In a 
30 preferred embodhnent, the first diameter is greater than the second diameter. In a . 
prefeired embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member using 
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a coxucal 6leov& In a inc&iTBdeiobodimeDt; conical sleeve is fiai^ In a preferred 
embodiment, tho conical slcevo is elastic. In a profeixed embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a pieforred embodiment, plaaticallydefonniqg 
and radially expanding the portion of the tubular member includes applying a radial fi)rce 
5 to the portion ofthe tubular mendier using an inflatable bladder. In aprefened 
embodiment, plastically de£)nning and radially eicpanding the portion of the tabular 
member includes qiplying a radial force to the portion of the tubular member using a roller 
expannon devicCi 

A mediod of coi^Hng a first tubular member to a second tubular member has also 

10 been described that includes plastically defonning and radially expanding a first pojtion of 
first tubular member to a first outside diameter, plastically deforming and radially 
expanding anotiiar portion of the first tubular member to a second outside diameter, 
positioning the second tubular membw inside the first tubular member in ovCTiapping 
roIaHon to the first portion of the first tubuler member, plastically defonning and radiaUy 

1 5 expanding the second tubular member to a tfaiid outside diameter, and plaatically 

deforming and radially expanding the second tubular member to a fourth outside diameter. 
The iissidc diameters of the first and second tubular members after the plastic deformations 
arxl radial expansions are substantially equal* In a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In aprefened embodiment, 

20 plastically defoming and radially expanding the first portion of the first tubular meinb«r 
includes applying a radial &rce to the poiti on of the tubular mcmb er using a conical 
sleeve. In a pre&ircd embodiment, the conical sleeve is firaogible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, tho conical sleeve 
includes a phirality of arcuate elements. In a prefenred embodiment, plastically dejfomilng 

25 and radially expanding the fiistpoition of the first tubular member includes aj^iying a 
radialfoicetofhcfirstpcrtionofthofirattubularmemberashiganinflatablebladder. Ina 
prcfened embodiment, plastically ditforming and radidly expanding the fi^ 
fiist tubular member includes applying a radial force to the first portion of the. first tubular 
member using a roller expansion device. 

30 An apparatus for coupling a first tubular member to a second tubular vamber baa 

also been described that includes means for plastically ddforming and radially expanding a 
first portion of the first tubular m^ber to a fiiat outside diameter, means for plastically 
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defonning and ladiaUy expanding aooto portion of (ho fiist tubular member to a second 
outside diameter, means for positioning the second tubular member inside the fust tubular 
member in overlapping relation to the first portion of the Hrst tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
diameter, and means for plastfoally deforming and ladialiy expanding the second tubular 
member to a fourth outside ffiameter. The inside diameten of the fitBt and second tubular 
members after tho plastic defiomations and radial eoqumaions are substantially equaJ. In a 
prefored embodiment, the Sai outside diameter is greater than the second outside 
diameter. In a picfened embodiment, the means ibi plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the portion of tho tubular memb^ using a corneal sleeve. In a preferred 
embodiment, the conical sleeve is fiangible. In a preferred embodimont, the conical sleeve 
isolastic. a prefcried embodiment, the conical BlocYoinchides a phiralify of arcuate 
elements. In a pro&ned embodnnent, the means for plastically deforaung and radially 
expanding the first poition of the first tubu lar member inchides means far app lying a radial 
force to the first portion of the first tubular member using an inflatable bladder. La a 
preferred embodim^t, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means ibr applying a radial force to the first 
portion of the first tiibular member usmg a roller oxpansion device. 

An apparatus for &iming a wcUbore casing within a wellbore has also been 
described that includes moans for supporting a tubular member -within the weHborc, means 
for plastically defomdng and radially expanding a first portion of the tubular member to a 
first outside diameter, and means forplastically defoiming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 
embodiment, the first outside diamcto* is greater than the acoond outside diameter, in a 
prefocrod cmbodimont the means tat plastically deforming and radially expanding tho first 
portion of the tubular member to the first outsido diameter is removable. Li a prefored 
enibodiment, the means fbr plastically defi>miing and radially expanding the first poition 
of thetubularmemlMr to thefirst outside diameter is firangible. In a preferred 
embodiment, the means for plastically defomiing and radially expanding the first portion 
of the tubular member to the first outside diameter is clastic. In a preferred embodimont, 
the means for plastically deforming and radially expanding the first portion of the tubular 
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mcmbor to the first outside diameter includes means for applying a radial &too to die fiiBt 
portion of the tubular member. In a preicnred embodiment, the means for plastically 
deforming and radially expanding the first portion of tlie tubular member to the first 
outside diameter is inflatable. la a preferred embodimenti the meana for plastically 
5 defimning and radially expandii^ the first portion of the tubular member to the first 
outside diameter includea it>]Iing means for applying radial prcsauro to the first portion of 
the tubular member. In a preferred embodiment, the apparatus finther includea means fi>r 
forming an annular body of a fliddic sealing material within an onnulus between the 
tubular member and the wellbore. 
10 An appamtus for forming a wellbore casing within a weilbore has also been 

described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to tibe fust fluid passage and an outer conical surfSsce^ a removable 
ammlar conical sleeve coi^led to die outer conical sur&ce of the egq>ansion cone» an 

1 5 annular mansion cone launcher coupled to ttit conical sleeve and a lower portion of the 
. tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone launcher. M a preferred embodiment, the conical sleeve is fi^gible. In a preferred 
embodiment, the corneal sleeve is elastic. In a prefsxted embodiment, the conical sleeve 
inchides a plurality of aicuate elements. 

20 A method of fimmng a wellbure casmg within a weObore has also been described 

that inchides supporting a tubular monber within a wdtbore, plastically defiirming and 
radially expanding a portioB of the tubular member to a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter, hi a preferred embodiment, the first diameto- is greater thm the 

25 second diameter. Inapre&nnedembodimcnt^plastically dcfoiming and radiaUy cxpandm 
die portion of the tubular member includes applying a radial force to the portion of the 
tubular member uaing a c(micaK sleeve. In a preferred embodiment, llie conical sleeve is 
fiiungible. In a prefored embodiment, Uw conical sleeve is elastio. bi a preferred 
embodiment, the conical sleeve includes a plurality of aicnatc domenta. In a preferred 

30 embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a pi c fct f ed embodiment, plastically deforming and radially 
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expanding the portion of Ibe tubular member includes applying a radial force to the portion 
of the tubular member using a roller eocpansaon device. In a preferred embodiment, the 
method furtb^ includes ii^ectiog an annular body of ahaidenable floidic sealing material 
into an annulus between the tubular member and the Tvellbore. In a preferred embodiment, 
the method imther includes curing tho annnlar body of hardenable fluidic sealing material. 

A method of foming a mono-diameter wenbore easing within a wellbore has also 
been detsciibed that includes sopportnig a first tubular member within the weJlborc^ 
plastically defomsing and radially expanding a first poition of the first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, posltiomng (he second tubular member 
inside tho first tubular member in overlapping relation to the first poition of the first 
tabular member, plastically deforming and radially expanding the second tubular memb^ 
to a third outside diameter, and plasttcally deforming and radially expan^ng (he second 
tubular member to a fourth outside diameter. The inside diameters of tho first and second 
tubular members after die plastic deformations and radial expansions are substantially 
equal In a preferred embodimenl, the first outside diameter is greats than the second 
outside diameter. In a preferred embodiment, plastically deforming and radially expanding 
the first poition of the first tubular member includes q>plying a radial force to the portion 
of the tubular member using a conical sleeve. In a piefened embodiment, the conical 
sleeve is ftangtble. In a prefbcred embodiment, the conical sleeve is elastia Inaprefoired 
nnbodiment, &e conical alecve tncludes a plurality of aicuate elements. In a prefened 
embodiment, plastically defoiming and radially expanding die fkst portion of the first 
tubular member includes applying a mdial force to the first portion of the fust tiibxilar 
member using an inflatable bladdu*. In a preferred embodimoit, plastically deforming and 
radially expanding the first portion of the first tubular member includes applying a radial 
force to the first portion ofthe first tubular meniber using a roller expansicm device Una 
preferred embodhnent, the metbod fiictlier includes injecdAg an annular body of a 
haidenable fluidic sealkig material kto an annulus between the first tnbular member and 
the wellbora In a prefeircd embodiment, the method further includes curing the annular 
body of hardenable fluidic sealing material In a preferred embodiment, the method 
further includes injecting an annukur body of a hardenable fluidic sealing material into an 
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BnnaluB between tho second tubular member and the wellbore. In a prefoned Qnibodiment» 
(he metbod fbitber includes curing tho ammlar body of bardenable flmdie sealing cnateriat 

An ^}paratu8 for coupling a first tubular member to a second tubular member has 
also been described that includes meana &r plastically defonning and radially expanding a 
5 first porticHi of the first tubular member to a first outside diameter* means £>r plastically 
deftrmiQg and radially landing another porttom of the fimt tabular membor to a second 
outside diameter* means for positioning the second tubular member inside (he first tubular 
member bx overlapping idatiGn to the first portion of Ibe first tubular memb^, means for 
plastically defonning and radially expanding (be second tubular member to a third outside 
1 0 diameter^ and means for pla^aily defonning and radially expanding the second tubular 
member to a fourth outside diameter. The mside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal In a 
prefened embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment* die means for plastieally defonning and radially 
1 5 expanding the fits! portion of the first tubular member includes means for applying a racfiai 
force to the portion of the tubular member using a conical sleeve. In a prefeircd 
embodiment, the conical sleeve is fiangible. In a preferred embodlmeait, the conical sleeve 
is clastic. In a preforcd embodiment* the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment* the means for plastically defonning and radially 
20 ezpaodtng the first portion of die first tubular member includes means for qiplying a radial 
force to the first portion of die first tubular member ushig an inflatable bladder. In a 
preferred embodiment, flie means for plastically defbiming and radially expanding the first 
portion of the first tubular member inchides means for applying a radial force to the first 
portion of the first tubular member using a roUa expansion device. In a preferred 
25 embodiment, the apparatus further inchides means for injecting an annular body of a 
bardenable iluidic sealing material into an annulus between the fixst tubular member and 
the wellbore. in aptefenred embodiment* the apparatus fiirther includes means for curing 
the annular body of bardenable fhiidic sealmg material Jn a preferred embodiment* ttie 
q^pazatua further inctudoa means for iiuecting an annular bo4y of a haidenable fhii dio 
30 sealing inatciiBi into an annulus betwera the second tubiilar member and the wellborn In 
a prefened embodiment, the apparatus further includes means for curing the annular body 
of bardenable iluidic sealing material. 
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An appaiatns fi>r plastically defonning and radially oxpanding a tubular mcmlwr 
has also been descacibcd that includes moans far providing a lipped portion in a portion of 
the tubular mcmbori and means fax plastically defonning and radially expandiog aiKsther 
portion of the tubukr member. 
5 An ^paratua for plastically deforming and radially expanding a tubular member 

has also been described that inohides a tubular 8iq>poit member moludi^g a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and ao outer corneal surface^ an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 

10 the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular p wlion coupled 
to the second acnnlar portion having a first outside diameter, and a fourth annular portion 
coupled to (he third annular portion having a second outside diameter, vdierau the socond 
outside diameter is less than the first outside diameter^ and a shoe having a valveable 

15 passage coupled to fourth anmilar portion of the expansion cons laundier. 

A method of plastically defonning and radially expanding a tubular member has 
also been described thai includes providmg a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that hidudes providiiig a lipped portion m a portion of the first tubular 
member, plastically defonning and radially expanding another portion of the first tubular 
mwnbcr, positioning the second tubular member insido tho first tubular member in 
ovcrlqjping relation to the lipped portion of the first tubular member, and plastically 

25 deforming and radially expandiqg the second tubular member, Tho inside diameters of the 
first and second tubular members after the plastic dcfinmatians and radial expansions are 
substantially equal. 

An apparaUia £br coi^ling a first tubular member to a aeeond tubular member has 
also been described that includes means for jwoviding a lipped portioa in the first tubular 
30 member, means for plastically deforming and radially expanding another portion of tho 
first tubular member, means for positioning the second tubular member inside the firrt 
tubular member in overlapping relation to the lipped portion of the first tubular member. 
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and means for plastically ddbnning aod ladiaily eacpm^ng the second tubular member. 
Tho inside diameters of the first and sooond tubular members after the plastic defcmnationa 
and radial expansions &ie substantially equal. 

An apparatus for fonning a wellbore casing within a wellboiv has also been 
5 desoibed that incluiies means fi>r si^porting a tubular member within the wellboie, moans 
for providing a lipped portion in the tubular member^ and meaos for plastically defoiming 
and radially expanding anotbor portion of the tubular membor to aseoond outside 
diameter. 

An q)p8ratU5 for farming a wellbore casing witfain a wellbore has also been 

1 0 described that includofl a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
lluidicly coupled to tiie first fluid passage and an outer conical sorfiice, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular monber, a second annular portion coupled to the first ammlar fwrtion that 

1 5 mates with the outer conical sui&ce of fho expansion cone^ a fhiid annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coiq^led to the third annular portion having a second outside diameter, wherdn the secorui 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion oodb launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

inckdes supporting a tubular member within Ae wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically defmxning and radially expanding another 
portion of the tubular member. In a prefoarred embodiment, the method further includes 
injecting a bardenable fluidic sealing material in an annulos between the tubular member 

25 and the wellbore. Ma preferred embodiment, tiie method luither includes curing the 
fluidic sealmg material. 

A method of fiinmng amono-diBmeter weUboie casing witfain a wellbore has also 
been desaibed that inchides supporting a first tubular member within the wellbore; 
providing a lipped portion in a portion of the first tubular member, plastically deforming 

30 and radially expanding another portion of the first tubular member, positioning the second 
tubnlar member inside the first tubular m^nber in overlapping relation to the lipped 
poxtion of the first tubular member, and plastically deforming and radially expanding the 
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second tuimlar member, llieindde diameten of the first and second tubular memben 
after die plastic defonnattons and radial e2q>andons are subatantially equal. In a prefeord 
embodiment, tbe method &ither includes injecting a hardcoablo fluidic sealing material in 
an annnlufl between the first tubular member and the wcllbore. In a prefened embodinient, 
5 the method fiirther includes curing the fluidic sealing material. In a preferred embodiment, 
the mefliod fcrther inchides injecting a hardenable fiuidic sealing mat^al in an annalus 
between the second tubular member and the weUbore. In a piefcned embodimcnl; the 
method fbrtber indudea curing the fluidic sealing material 

An apparatus for forming a mono-diameter wellbore casing within a wellboiB baa 
10 also been described ttmt inchidos means for providing a Hpped portion in the jSrst tubular 
member, means for plastically defonning and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside the first 
tubular member in ovwlappmg relation to the lipped portion of the first tubular member, 
and means Sor plastically defonoing and radially expanding the second tubular member. 
1 5 Tbe inside diametenr of the first and second tubular members after tbe plastic deformations 
and radial expansions are substantially equal. Li a preferred emboduneat, the apparatus 
fiirther includos meanfl for hijectiijg a hardenable fluidic sealing material in an annulus 
between the first tubular memboc and the weUbore. In a preferred embodiment, the 
apparatus fiutber includes means ibr curing the fluidic sealing Inapiefened 
20 embodiment, the apparatus fiuther mcludes means for injoctmg a hardenable fluidic 
sealing material in an annulns between the second tubular member and the wetlbore. jna 
prefeired embodiment, the q)paiatus fiuther includes means fixr curing the fluidic sealing 
material. 

An £^aratu5 for plastically defomiing and radially expanding a tubular member 
25 has also been described that includes means for plastically defonning and radially 
expanding a first end of the tubular member, and means for plastically defonmng and 
radially expanding a second end of the tubular member. In aprefenred embodiment, the 
apparatus fiirtfier includes means ^r anchoring the tubular nfiember during the radial 
expansion. 

30 An apparatus fhr plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first passage, 
an expansion cods coupled to the tabular support having a second passage fhiidicly 
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coopled to the first passage and an outer ccmical sui&ce, an annular expansion cone 
latmchormovably coupled to outer conical sui&ce of the expansion cone, an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coq)lcd 
to another end of the ammlar eaqiansion cone launcher having a valveable fluid passage, 
5 end another aimiUar expansion cone movablycoiq>led to th9 tubular support me The 
amiular expansion cones are posidooed in opposite orientationa. In a preferred 
embodiment, the annular expansion cone is adapted to pksticBliy deform and radially 
expand a first end of the expandable tubular member and Ihe other annular expansion cone 
is adapted to plastically defomi and radially expand a second end of the expandable 
10 tubular member. In apreferred embodiment, die apparatus finther includes an anchoring 
member coupled to the tubular support member ad^tod to hold the expandable tubular. 

A medxMl of plastically de&nning and radially expanding a tubular member has 
also been described that inchides plastically defbnnung and radially expanding a first end 
of tbe tubular member, and plastically defoimii^ and ladially expanding a seccmd end of 
15 the tubular member, k a prefenred embodiment, the method iuither includes ancboiing 
the tubular member during the radial expansion. In a preferred embodiment, tbe first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically definming and radially expanding the second 
exid of die tubular member includes uijecting a fiuidic material into tb» tubular membor. 
20 A method of couplmg a first tubular member to a second tubular member has also 

been described that includes positioning the second tubalar member inside the first tubular 
member in an overlq^ing reladonship, plastically deforming and radiaQy expanding the 
end of tbe second tubular member that overlaps with (he first tubular member, and 
plastically defiinning and radially expanding the remaining potdon of the second tubular 
25 member. In a preferred embodiment, the method Jtartiier includes plastically deforming 
and radially expanding at least a portion oftfae second tubular member. Ihaprcfened 
embodiment, the kside diameters of the first end second tubular membra are substantially 
equal after the radial expansions. 

An s^oratus for coupling a first tubular member to a second tubular member bna 
30 also been deschbed that includes means for positioning the second tubular member insi^ 
the first tubular member hi an overlapping relationship, means for plastically dofoiming 
and radially expandmg the aid of the second tubular member that overlaps with the first 
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tubular Tnember, and means far plastically defbnning and radially expending tho remaining 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
includes means for plastically defomiing and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first and 
second tubular nembere are substantially equal after the radial expansions. 

An qspanitua for forming a weUbore casing vriCbin a wellbore has a!^ 
described that mchides means ibr suppoitmg a tubular member within the weHbore. means 
far plesdcally deforming and radially expanding a first end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 
member. In a preferred embodiment, die apparatus faiihef includes means Ibr anchoring 
the tubular member during the radial expansion. In a profared «nbodiment» the apparatus 
fiuther includes means for injecting a hardenable fiuidio sealing material mto an amiulus 
between the tu]>ular member and the u^IIbore. 

An upfmaXaa for forming a w^bore casing within a wellbore has also been 
described that includes a tabular support member inclading a (list passage, an expansion 
cone coupled to the tubular siq}port having a second passage fioidicly coupled to tho first 
passage and an outer conical sor&ce, en annular expansion cone launcher movably 
coupled to outer conical sur&ce of the expansion cone, an mpandable tubular m«nber 
coupled to an end of the annular expansion cone launcher, a shoe coupled to another end 
of the annular csxpansion cone htuncher havmg a valveable fluid passage; and another 
simular expansicm cone movably coupled to the tubular support meciber. The annular 
expansion cones are portioned in opposite orientations, hi a preferred embodiment, the 
annular expansion cone is adapted to plastically deform and radially expand a first end of 
the expandable tubular member and tho other annular expansion cone is adapted to 
plasticaUy deform aiulradiaUy expand a second end of file expandable tubnlarmeinber. hi 
a preferred embodiment, the apparatus fiirlher indodes an anchoring member coupled to 
the tubular sunxnt member adapted to hold the expandable tubular. 

A method of formmg awellbore casing within a wellbore has akao been described 
that mcludes plastically defbiming and radially expanding a first end of the tubular 
member, and plastically defisrming and radially expandii^ a second end of the tubular 
member, la a preferred embodiment, the method further includes anchoring the tubular 
member during the radial expansion. In a pre&rred embodiment, the first end of the 
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tubular member is plastically deformed and radially cxpamdcd before tho second end. In a 
prefetTcd embodiment, plastically deibrming and radially expanding the second end of the 
tubular member inclodes injecting a fluidic material into the tubular member. In a 
prefeired embodiment, the method further indudea hyecting a hardeoable fluidic sealing 
materia] into aa aonuhis between tho tubular member and the wellbore; 

A me&od of forming a wellboxe oasmg witfara a wellboie baa also been described 
that mcludes phisticalLy deforming and radially expanding a first tubular member within 
&e wellbore, positioning a second tubular membo' inside the first tubular member in an 
overlappiAg relationship^ plastically defbiming and radially expanding the end of the 
second tubular member that overiaps with die first tubular member, plastically deforaiing 
and radially expanding the ronaining portion of the second mbtilar member. In a piefeired 
cmbodimeat, the method further includes plaaticalfy deforming and radially expanding at 
least a portion of the second tubular member. In a prefened embodiment, the insido 
diametcn of tho first and second tubular monbecs are substantially equal after die radial . 
expansions. In e prefmed embodiment, the mediod Anther includes in/ ecting a haidenable 
fluidic sealing material into an annutus between the first tubular member and the welibore. 
In a preferred embodiment, the method further includes ii:jecting a hardenable fluidic 
sealing material into an amiulus between the second tubular member end the welibore. 

An apparatus for fonning a welibore cashig witbin a welibore has also been 
described that includes means for plastically deforming and radially cxpanduig a first 
tubular member within the welibore^ means forpositionixig the second tubular memba: 
inside the first tubular member in an overlapping relationship, means for plastically 
defbmung and radially expanding the end of the second mbular member that overl^s with 
the first tubular member, means for plastically doming and radially expanding the 
renunning portion of the second tubnlar member, hi a preferred embodiment, the 
apparatus fiirtfaer includes moans for plastically deforming and radially expanding at least 
a portion of the second tubular member, hi a prefenred embodimait, the inside diameters 
of the first and second tubular membas are substantially equal after die radial eixpansions. 
In a preferred embodiment, the apparatus further inchidea means for injectmg a 
hardenable fluidic sealing material into an annulus between the first tabular member and 
the welibore. In apreferred embodiment, the apparatus fiirther includes means for 
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infecting a hardenable flnidic gealing material into m ammlus betweon the second tubular 
tneniber and the Aveltbore. 

An ^aratus for bndgicig an axial gap between opposing pairs of wellboro casing 
within a wellbore has also been described that includes means &r siqipoiting a tubular 
5 member in overlapjnng relation to the opposing ends of the wellbore casings* means for 
plastically defixnning and radially expanding (he tubular member, and means for plastically 
deforming and radially expanding &e tubular member and the opposing ends of die 
wellbore casing^. 

A method of bridging an axial gap b^ween opposing pairs of wellbore casing 
10 within a wellbore has also been described that includes supporting a tabular noember in 
overlapping relation to the opposing ends of the wellbore casings, plastically doformixig 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 
the ^vellbore casings. 

15 A method of forming a stxucture having desired strength characteristics has also 

been described that includes providing a first tubular member, and plastically deforming 
and radially expanding additi<»ial tubular members onto ttke interior surfoce of the first 
tubular member until the desired strength characteristics axe achieved* . 

A method of forming a wcUbore casing within a wellborB having desired strength 

20 characteristics has also been described diat includes plastically deforming and radially 
expanding a first tubular member within the wellbore^ and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first tabular 
member until the desired strength characteristics are achieved. 

A method of coiqiling a fust tubular member to a second tubular member, the first 

25 tubular member having an origlnaL outside diameter OD^ and an origuoal wall thickness Iq. 
has also been described that includes plastically defonning snd radially expanding a first 
portion of the first tubular member to a fiisl outside diameter, plastically deforming and 
ndially gypaffdnig another portion of the first tubularmenimr to a second outside 
diameter, positioning the second hibular member inside the first tubular member in 

30 overlapping relation to the first portion of the first tubular member, plastically defonning 
and radially expanding the second tubular member to a third outside diameter* and 
plastically defonning and radially expandmg the second tubular member to a fourth 
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outside diameter, tvbmin fht inside diameters of the first and second tubular members 
after the plastic deibimatioiiB and radial ooq>an8ianfi are substantially equal* and 
wlsexein the ratio of fbc oiigioal outzdde diameter ODo of (he first tubular member to the 
original wall duckness t» of the first tubular member is greater than or equal to 16. 
5 A method of fwming a mono-diameter wellbore casing has also been described 

tiiat indudea positioning a first tuibular member within a wellbore, the first tubular member 
having an oilgintil outside diameta ODo and an oris^ waU IMc^ 
defonning and radially e3q)8nding a first portion of the first tubular member to a first 
ootdde diameter, plastically def(mning and radially expanding another poitioa of the first 

10 tubular member to a eecond outside diameter, positioning the second tubular member 
inaido fiie first tubular mamber in overlapping relation to the first portion of the first 
tubular member, plastically defisrmhig and radially expan ding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the seccmd 
tubular member to a ibuitfa outside diameter. The inside diameters ofthe first and second 

1 5 tubular members after \ho plastic defonnations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter OD^ of the first tubular 
member to the original wall thidmess Iq of the first tubular member is greater than or equal 
to 16. 

An fl^jparatna has also been described that includes a plastically deformed and 
20 fBdlaUy eipaDded tubular member having a first portion having a first outside diameter 
and a remaining postioitt having a second outside diameter^ wbcxein the ratio of the original 
outside diameter ODg of the first tubular member to die original wall thickness t^ of the 
first tubular member is greatorthan or equal to 16. 

An ^aratus has also been described that includes a plastically deformed and 
25 radially expanded first tubular member having a first portion having a first outade 
diameter and a remaun^g portion having a second outside diameter, and a plastically 
deftnned and radially expanded second tubular member coupled to the first portion ofthe 
finst tubular member. The lutio ofthe orighsal outside diameter ODp ofthe first mbular 
member to the onginal wall ffaiokness tp ofthe first tubular member is greater than or equal 
30 to 16. In a preferred embodiment, the ixuide diameters of the first and second tubular 
memibers are substantially equal 
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A wellbore casing formed in a wellbore has also been desaibed that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. In a preferred embodiment, the 
inside diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described diat includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODq of the tubular member to the original wall thickness tg of the 
tubular member is greater than or equal to 16. 

In several alternative embodimentSi the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings^ pipelines, and 
structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates, a wide range of 
modifications, changes, and substitutions^ In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the invention. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word "comprise**, and variations such as "comprises" and 
''comprising", will be understood to imply the inclusion of a stated integer or step or 
group of integers or steps but not the exclusion of any other integer or step or group of 
integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any fonn of suggestion that that prior art forms part of 
the common general knowledge in Australia. 



-60- 



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1 . An apparatus for plastically defoiming and radially expanding a tubular member^ 

comprising: 

means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameten and 

means for plastically deforming and radially expanding a second pordon of the 
tubular member to a second outside diameter; 

\^erein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 

2. An apparatiB for plastically deforming and radially expanding a tubular member^ 
comprising: 

means for plastically deforming and radially expanding a fust portion of the tubular 
member to a first outside diameter; and 

means for plastically defoiming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

3. An a]^aratus for plastically deforming and radially expanding a tubular member, 

comprising: 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is inflatable. 

4. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 
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means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically defonning and radially expanding the first portion 
of tiie tubular member to the first outside diameter includes rolling means for applying 
radial pressure to the first portion of the tubular member. 

5. An apparatus for plastically deforming and radially expanding a tubular member, 
comimsing: 

a tubular support member includmg a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lov/er 
portion of the tubular member, and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

6. The aj^paratus of claim 5, wherein the conical sleeve is firangible. 

7. The apparatus of claim wherein the conical sleeve is elastic. 

The apparatus of claim 5, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

9. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 
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plastically deforming and radiaily expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically defoiming and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

1 0. The method of claim 9, iK^erein the conical sleeve is frangible. 

1 1 . The method of claim 9, wherein the conical sleeve is elastic. 

12. The method of claim 9, i^erein the conical sleeve comprises a plurality of arcuate 
elements. 

1 3. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically defoiming and radially expanding another portion of the tubular member 
to a second outside diameter. 

wherein plastically defoming and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tabular member using an inflatable 
bladder. 

1 4. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
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member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

1 5. A method of coupling a first tubular member 1o a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically defonnlng and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plasticaHy deforming and radially expanding the second tubular member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members after ttie plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

16. The method of claim 1 5, wherein the first outside diameter is greater than the 
second outside diameter. 

17. The method of claim 1 5, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

18. The method of claim 17, whereb the conical sleeve is frangible. 

19. The method of claim 17, wherein the conical sleeve is elastic. 

20. . The method of claim 17, wherein the conical sleeve comprises a plurality of arcuate 
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elements. 

21 . The method of claim 1 S, wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

S applying a radial force to the first portion of the first tubular member using an 

inflatable bladder. 

22. The method of claim 1 5, ^vherein plastically deforming and radially expanding the 
first portion of Ae first tubular member comprises: 

1 0 applying a radial force to the first portion of the first tubular member using a roller 

expansion device. 

23. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

IS means for plastically deforming and radially expanding a first portion of the 

first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameten 

means for positioning the second tubular member Inside the first tubular 
20 member in overlapping relation to the first portion of the furst tubular member. 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter; and 

means for plastically defonning and radially expanding the second tubular 
member to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations 

and radial expansions define a passage having a constant cross sectional area. 

24. The apparatus of claim 23, wherein the first outside diameter is greater than the 
second outside diameter. 

30 

25. Hie apparatus of claim 23. wherein the means for plastically deforming and 
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radially expanding the first portion of the first tubular member comprises: 



^ means for applying a radial force to the portion of the tubular member using a 

VO conical sleeve. 

O 

(>l S 26. The apparatus of claim 2S> wherein the conical sleeve is frangible. 

O 
00 

^ 27. The apparatus of claim 2S» wherein the conical sleeve is elastic. 
CM 

^ 23. The apparatus of claim 2Sp wherein the conical sleeve comprises a plurality of 

10 arcuate elements. 



29. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of to the first tubular member 
1 S using an inflatable bladder. 

30. The apparatus of cbum 23» wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for ai^lying a radial force to the first portion of the first tubular 
20 member using a rol ter expansion device. 

31. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
25 member to a first outside diameten and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubufaur member to the first outside diameter is frangible. 

30 

32. An apparatus for forming a wellbore casing v^thin a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically defoiming and radially expanding a second portion of the 
S tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

33. An apparatus for forming a wellboie casing witiiin a wellbore, comprising: 
10 means for supporting a tubular member within tt^ wellbore; 

means for plastically deforming and radially expanding a iirst portion of the tubular 
member to a first outside diameter; and 

means for plastically defomiing and radially expanding a second portion of the 
tutxilar member to a second outside diameter; 
15 wherein tiie means for plastically defonning and radially expanding the first portion 

of the tubular member to the first outside diameter is inflBtable. 

34. An apparatus for forming a wellbore casing witiiin a wellbore, comprising: 
' means for supporting a tubular member within die wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of tiie 
tubular member to a second outside diameter, 

wherein the means for plastically defoiming and radially expanding the first portion 
of the tubular member to the first outside diameter comprises rolling means for applying 
radial pressure to the first portion of the tubular member. 

35. An apparatus for forming a wellbore casing witiiin a wellbore* comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to tht tubular support member having a second fluid 

passage fliudicly coupled to the first fiuid passage and an outer conical surface; 
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^ a removable annular conical sleeve coi^led to the outer conical surface of the 

Q expansion cone; 

g an annular expansion cone launcher coupled to the conical sleeve and a lov^er 

portion of the tubular member; and 
^5 a shoe having a valveable passage coupled to an end of the expansion cone 

^ launcher. 

ON 



36. The apparatus of claim 35, wherein the conical sleeve is frangible. 

1 0 37. The apparatus of claim 35, wherein the conical skeve is elastic. 

38. The apparatus of claim 35, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

1 5 39. A method of fonning a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular member 
20 to a second outside diameter, 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25 

40. The method of claim 39, wherein the conical sleeve is frangible. 

41. The method of claim 39, wherein the conical sleeve is elastic. 

30 42. The method of claim 39, >it4ier6in the conical sleeve comprises a plurality of arcuate 
elements. 
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Q 43. A method of fonning a weUbore casing within a weJlbore, ccHnprising: 

VO supporting a tubular member within a wellbore; 

O 

plastically defomiing and radially expanding a portion of the tubular member to a 
^ S first outside diameter, and 

§ plastically deforming and radially expanding another portion of the tubular member 

^ to a second outside diameter, 

wherein plastically deforming and radially expanding the portion of the tubular 
S membercomprise,; 

1 0 applying a radial force to the portion of the tubular member using an inflatable 

bladder. 



44. A method of fomiing a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

1 5 plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 

plastically defomiing and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
20 member comprises : 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

45. A method of fomiing a mono-diameter wellbore casing within a wellbore, 
25 comprising: 

supporting a first tubular member within the wellbore; 
plastically defbnning and mdially expanding a first portion of the fust tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
30 . member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
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overlapping relation to the radially expanded first portion of the first tubular member; 

plastically defonning and radially expanding the second tubular member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members vttia the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

46. The method of claim 45» wherein the fiist outside diameter is greater than the 
second outside diameter. 

47. The method of claim 45, wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 
15 

48. The method of claim 47, wherein the conical sleeve is frangible. 

49. The method of claim 47, wherein the conical skeve is elastic. 

20 50. The method of claim 47, wherein the conical sleeve comprises a plurality of arctmtc 
elements. 

5 1 . The method of claim 45, >vherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

25 applying a radial force to the first portion of the first tubular member using an 

inflatable bladder. 

52. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

30 applying a radial force to the first portion of the first tubular member using a roller 

expansion device. 
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Q S3. The method of claim 4S» further comprising: 

vo injecting an annular body of a hardenabic fluidic sealing material into an annulus 

O 

between the fint tubular member and the wellbore. 
QQ 54. The method of claim 43, Anther comprising: 

Q>^ injecting an annular body of a hardenable fluidic sealing material into an anmilus 



s 



between the second tubular member and the wellbore. 

1 0 55. The method of claim 53 or 54, further comprising: 

curing the annular body of hardenable fluidic scaling material. 

56. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

IS means for plastically deforming and radially expanding a first portion of the furst 

tubular member to a first outside diameter; 

means fbr plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular member in 
20 overlapping relation to the radially expanded first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 
2S wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passage having a constant cross sectional area. 

57. The apparatus of claim 56> wherein the first outside diameter Is greater than the 
second outside diameter. 

30 
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58. The apparatus of claim S6, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

- means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

59. The apparatus of claim 38, v^erein the conical sleeve is frangible. 

60. The apparatus of claim S8, wherein the conical sleeve is elastic. 

61 . The apparatus of claim S8, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

62. The apparatus of claim 56, wherein the means for plastically defonhing and 
radially expanding the ^rst portion of the furst tubular member comjlMrises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

63. The appaiiOus of claim 36, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applymg a radial force to the first portion of the first tubular member 
using a roller expansion device. 

64. The apparatus of claim S6, f\irther comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

65. The apparatus of claim 36, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

66. The apparatus of claim 64 or 65, further comprising: 
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means for curing the annular body of hardenable fluidic sealing material. 



67. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

68. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of die tubular member; 

a second annular portion coupled to the first annular portion that mates mth the 
outer conical sur&ce of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter; and 

B fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

69. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member. 
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70. A method of coupling a first tubular member to a second tubular member, 
oomprising: 

providing a lipped portion in a portion of the Gist nibular member; 
plastically deforming and radially expanding another portion of the fust tubular 
member; 

positioning the second tubular member inside the first tubular member in 
overlapping rebtion to the lipped portion of the first tubular member; and 

plastically defotming and radially expanding tha second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial esqmnsions are substantially equal. 

71. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding anotter portion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 

means for plastically deforming and radially expanding the second tubular member; 

wficrcin the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

72. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

73. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 
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^ an expansion cone coupled to the tubular support member having a second fluid 

Q passage fluidicly coupled to the first fluid passage and an outer conical surfisice; 

\0 an annular expansion cone launcher comprising: 

O 

a first annular portion coupled to a low portion of the tubular member; 
^ S a second annular portion coupled to the first annular portion that mates with the 

^ outer conical surfiwe of the expansion cone; 

a third annular portion coupled to the second annular portion havii^ a first outside 
v-H diameter; and 

O e fourth annular portion coupled to the third annular portion having a second 

10 outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a vaWeaUe passage coupled to fourth annular portion of the 
expansion cone launcher. 

1 S 74, A method of forming a wellbore casing in a wellbore» comprising; 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member. 

20 

75. The method of claim 74, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and the wellbore. 

25 76. The method of claim 75, further comprising: 
curing the fluidic sealing material. 

77. A method of forming a mono-Kiiameter wellbore casing within a wellbore» 
comprising: 

30 supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 



Q member; 

VO positioning the second tubular member Inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

^ 5 plastically deforming and radially expanding the second tubular member; 

§ wherein the inside diameters of the first and second cubulfir members aiter the 

^ plastic deformations and radial expansions are substantially equal. 

CM 

S 78. The method of claim 77, further comprising: 

CM 

1 0 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 



79. The method of claim 77, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
15 nibular member and the wellbore. 

80. The method of claim 78 or 79, further compising: 
. curing the fluidic sealing material. 



20 81. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular memben 

25 means fbr positioniog the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; aixl 

means for plastically deforming and radially expanding the second tubular member; 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

30 

82. The apparatus of claim 81 » further comprising: 
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means for injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. 

B3. The apparatus of claim 81, fiirther comprising: 
S means for injecting a hardenable fluidic sealing material in an annulus between the 

second tubular member and the wellbore. 

84. The apparatus of claim 82 or 83» ftrfher comprising: 
means for curing the fluidic sealing material. 

10 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
1 5 coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical sur&ce of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

20 a shoe coupled Co another end of the annular expansion cone launcher having a 

valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member; 
wherein the amiular expansion cones are positioned in opposite orientations. 

25 86. The apparatus of claim 85, \^eiein the annular expansion cone is adapted to 
plastically defotm and radially expand a first end of the expandable tubular member and 
(he other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. 

30 87. The apparatus of claim 8S, further comprising: 
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^ an anchoring member coupled to the tubular support member adapted to hold the 

0 expandable tubular. 

88. An apparatus for fbrming a wellbore casing within a wellbore, comprising: 
^ S a tubular support member including a first passage; 

^ an expansion cone coupled to the tubular support having a second passage fluidicly 

Qs[ coupled to the first passage and an outer conical surface; 

^ an annular expansion cone launcher movably coupled to outer conical surface of 

3 the expansion cone; 

1 0 an expandable tubular member coupled to an end of the annular expansion cone 

launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member; 
I S wherein the annular expansion cones are positioned in opposite orientations* 

89. The apparatus of claim 8S, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a firsl end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically defonn and radially expand a 

20 second end of the expandable tubular member. 

90. The apparatus of claim 88, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 

25 

91. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 
ends of ti)e wellbore casings; 
30 means for plastically deforming and radially expanding the tubular member; and 
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means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

92. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

supporting a tubular member in overlapping relation to the opposing ends of the 
wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically defonning and radially expanding the tubular member and the opposing 
ends of die wellbore casings. 

93. A method of fonning a structure having desired strength characteristics^ 
comprising: 

providing a first tubular member, and 

plastically defbmning and radially expanding additional tubular members onto the 
interior surface of the first tubular member until the desired strength characteristics are 
achieved. 

94. A method of fonning a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 

plastically defonning and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expanding additional tubular members onto the 
interior surface of the first tubular member until the desired strength characteristics are 
achieved. 

95. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness to, 

comprising: 

plastically deforming and radially expanding a fvst portion of the first tubular 
member to a first outside diameter; 
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plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, 

positioning the second tid>ular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular rhemben 

plastically deforming and radially e)qpanding the second tubular member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherem the inside diameters of the flrst and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

herein the ratio of the original outside diameter ODq of the fint tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 16. 

96. A method of forming a mono^iameter wellbore casing, comprising: 
1 S positioning a first tubular member within a wellbore, the first tubular member 

having an origirul outside diameter OD^ and an original wall thickness to; 

plastically defbnning and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
20 member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 

23 plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions arc substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
30 to the original wall thickness to of the first tubular member is greater than or equal to 16. 



o 
O 



g 
oo 

1—1 

8 



10 



.80. 



97. An apparatus^ comprising: 

a plastically deformed and radially expanded tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside diameter; 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall diickness to of the first tubular member is greater than or equal to 1 6. 

98. An apparatus, comprising: 

a plastically defoimed and radially expanded first tubular member haying a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODq of the first tubular member 
to the original wall thickness <o of the first tubular member is greater than or equal to 16. 

99. The apparatus of claim 98, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

1 00. A wellbore casing formed in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to die 
first portion of the first tubular member; 

wherein the mtio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 16. 

101. The casing of claim 100, wbetetn the inside (fiameters of the first and second 
tubular members are substantially equal. 

1 02. An apparatus, comprisirig: 
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a plastically deformed and radially expanded tubular member; 
wherein the ratio of the original outside diameter OD^ of the tubular member to the 
original wall thickness to of the tubular member is greater than or equal to 1 6. 

1 03. An apparatus for plastically defbrming and radially expanding a tubular member^ 
comprising: 

means for coupling a first expansion cone to a second expansion cone; 

means for plaatically defomiing and radially expanding a first portion of the tubular 
member to a first outside diameter using the first and second racpansion cones; 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter using tte second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
deforming and radially expanding the second portion of the tubular member to the second 
outside diameter; 

wherein the first outside diameter is greater than the second outside diameter. 

104« A method of plastically defonning and radially expanding a tubular member, 
comprising: 

plastically defomiing and radially expanding a portion of the tubular member to a 
first outside diameter using a fint expansion cone coupled to a second expansion cone; 
decoupling the first and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

1 05. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first poition of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

decoupling the first and second expansion cones; 
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plastically deforming and radially expanding another portion of the first tubular 
nnember to a second outside diajmcter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
5 plastically deforming and radially expanding the second tubular member to a flifad 

outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wdierein the first outside diameter is greater than the second outside diameter; and 
0 wherein the inside diameters of the fint and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

1 06. An apparatus for coupling a first tubular member to a second tubular member, 
comprismg: 

S means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decou|ding the first expansion cone from the second expansion cone; 

means for plastically deforming and radially expanding another portion of the first 
[} tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 
5 means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

107. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting & tubular menibcr within the wellbore; 



Q means for plastically deforming and radially expanding a first portion of the tubular 

VO member to a first outside diameter using a first expansion cone coupled to a second 
O 

expansion cone; 

^ 5 means for decoupling the first and second expansion cones; and 

^ means for plastically defoiming and radially expanding a second portion of the 

^ tubular member to a second outside diameter using the second expansion cone; 

i-H wherein the first outside diameter is greater than the second outside diameter. 

8 

10 1 08. A method of forming a wellborn casing within a wellbore» compnsmg: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 

decoupling the first and second expansion cones; and 
I S plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than tte second outside diameter. 

109. A method of formhig a mono-diameter wellbore casing within a wellbore, 
20 comprising: 

supporting a first tubular member within the wellbore; 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 
23 decoupl ing the first and second expansion cones; 

plastically deforming and radially expandbig another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
30 plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
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^ plastically defoiming and radially expanding the second tubular member to a fourth 



Q outside diameter; 



VO wherein the first outside diameter is greater than the second outside diameter; and 

O 

wherein the inside diameters of the first and second tubular members after the 

^ 5 plastic deformations and radial expansions are substantially equal. 

O 
00 

1 1 0* Apparatus for coupling a first tubular member to a second tubular member, 
f-H compnsmg: 

O means for plastically deforming and radially expanding a first portion of the first 

10 tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansicmcone; 

means for decoupling the first and second expansion cones; 
means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second expansion cone; 
1 S means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
Id a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular member 
20 to a fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter; and 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



25 1 1 K Apparatus for plastically defoiming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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1 12« A method for plastically defonning and radially expanding and/or for coupling* 
substantially as herein described with reference to the accompanying drawings. 

DATED this 5* day of October, 2005 

Shell Internationale Research MaatschappiJ B.V. 

By DAVIES COLLISON CAVE 
Patent Attorneys fix the Applicant 
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